COMPARING CIRCUIT AND OFFSET COMPENSATING APPARATUS 

[0001] 

BACKGROUND OF THE INVENTION 
The present invention is related to an offset compensating 
5 apparatus for compensating a DC offset voltage of a D/A converter 
which is employed in, for example, a digital wireless telephone, 
and also related to a comparing circuit for measuring offset 
of a D/C converter, which is employed in this offset compensating 
apparatus.. 
10 [0002] 

In a digital wireless telephone, a signal to be transmitted 
is modulated in a digital circuit portion of a modulator. 
Thereafter, a modulated digital signal is converted into an 
analog signal by a D/A converter. The converted analog signal 
15 is coupled to a wireless frequency unit of the digital wireless 
telephone so. as to be transmitted as a wireless signal. This 
D/A converter owns the following problems. 
[0003] 

That is, there are some cases that DC offset having a low 
20 level, which is slowly changed, is produced in an analog output 
of the D/A converter . Normally, the occurrence of this DC offset 
is caused by such a reason that characteristics of circuit 
components could not be achieved as ideal characteristics, but 
has no relationship with respect to a digital signal which should 
25 be converted. However, when this DC offset is produced, an 
undesirable result may occur in the D/A converter, and thus, 
may interfere with a transmission of a wireless signal . As this 
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undesirable result, a carrier wave is leaked in a transmission 
signal of a mobile telephone. As a consequence, it is desirable 
to compensate for the DC offset of the D/A converter. 
[0004] 

5 To cancel the DC offset of the D/A converter, an amount 

of the DC offset must be measured as an initial condition. To 
perform this measurement, a comparator (voltage comparing 
circuit) is employed. Such a DC offset canceling arrangement 
is known in the technical field (see patent publication: Japanese 

10 Laid-open Patent Application NO. HEI-7-202693) . In this known 
DC offset canceling arrangement, a control signal used to 
compensate offset is obtained based upon a comparison result 
made by this comparator in order to cancel the DC offset of the 
D/A converter. 

15 [0005] 

As previously explained, in order that the DC offset, of 
the D/A converter may be canceled, the offset amount must be 
measured by employing the comaprator. To measure the offset 
amount in a correct manner, as apparent from the technical 

20 principle, the offset of this comparator itself must be defined 
within a predetermined* range. While a comparator (voltage 
comparing circuit) is mainly constituted by a differential 
amplifier, this differential amplifier (differential circuit) 
is designed in a manner that a right-sided current capability 

25 may be balanced with respect to a left-sided current capability. 
However, offset may be usually produced due to such a reason 
caused by fluctuations in actual sizes of transistors which 
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constitute the differential amplifying circuit. It should be 
understood that this offset implies fluctuations contained in 
characteristics of the respective transistors which constitute 
the differential pair of this differential amplifying circuit. 
5 [0006] 

The above-described offset amount of the comparator is 
considerably fluctuated, while this offset amount is produced 
due to the characteristic fluctuations as to the respective 
transistors which constitute the differential pair. There- are 

10 some cases that this fluctuated offset amount is occasionally 
and largely deviated from the allowable range. In the case that 
the DC offset of the D/C converter is adjusted by employing the 
comparator having such an offset , amount which exceeds the 
allowable range, namely in such a case that the offset adjustment 

15 of the D/C converter is carried out by the negative feedback 
control with employment of the comparator having the low 
comparison precision, the offset would be originally converged 
within several mV (millivolts) . However, the following fact 
could be confirmed. That is, the offset higher than, or equal 

20 to 20 mV is still left in the D/A converter. 
[0007] 

To solve the above-described problem, the offset (namely, 
offset of right/left current capabilities) as to the comparator 
must be necessarily canceled, while this comparator is used so 
25 as to cancel the DC offset of the D/A converter. However, it 
is practically difficult to provide such an exclusively-designed 
circuit capable of adjusting the offset of the comparator in 
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view of the following points. That is, an increase of an occupied 
area of a semiconductor device (IC) must be prevented, or lower 
power consumption is required • The above-explained DC offset 
compensating method requires a separate means, since the 
5 precision of the comparator used to measure the offset amount 
of the D/A converter may constitute the very important factor. 
[0008] 

SUMMARY OF THE INVENTION 
The present invention has been made to solve the 
10 above-described problem, and therefore, has an object to provide 
both a comparing circuit capable of improving precision of an 
offset amount to be measured in low cost, and also, to provide 
an offset compensating apparatus capable of canceling DC offset 
of a D/A converter in high precision and in low cost with employment 
15 of the above-described comparing circuit. 
[0009] 

According to first aspect of the invention, provided is 
a comparing circuit in which two signals are compared with each 
other, which are entered into a differential pair formed by a 

20 first transistor and a second transistor, by a differential 
circuit having the differential pair and a load circuit of the 
differential pair, comprising: phase adjusting means for 
operating the differential circuit as an operational amplifying 
circuit; phase inverting means for inverting a phase of an output 

25 signal from the differential circuit; feedbaclc means for feeding 
baclc an output signal of the phase inverting means as a substrate 
biasing voltage of the first transistor in the case that the 
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differential circuit is operated as the operational amplifying 
circuit by the phase adjusting means, and either same voltages 
or different voltages are applied to the first transistor and 
the second transistor of the differential pair respectively; 
5 and holding means for holding the substrate biasing voltage of 
the first transistor in a predetermined time duration, which 
is fed back by the feedback means. 
[0010] 

In accordance with the above-described . circuit 

10 arrangement of the comparing circuit, after the phase adjusting 
operation is carried out so as to operate the differential circuit 
as the operational amplifying circuit, in the case that either 
the same voltages or the different voltages are applied to the 
first transistor and the second transistor employed in the 

15 differential pair circuit, the phase of the output voltage 
derived via the load circuit is inverted and this phase-inverted 
output voltage is applied to the substrate of the first transistor . 
As a result, the potential at the substrate of the first transistor 
may become equal to the potential at the substrate of the second 

20 transistor. Since the characteristics of both the first and 
second transistors are made identical to each other and this 
condition is maintained for the predetermined time period, such 
a circuit capable of reducing the offset amount of the comparing 
circuit so as to improve the comparison precision can be 

25 constructed with employment of the simple structure. 
[0011] 

According to second aspect of the invention, provided is 
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an offset compensating apparatus for compensating offset of an 
inverted signal and a non-inverted signal, which are outputted 
from paired output ports owned by an electronic apparatus, 
comprising: input means for inputting a predetermined signal 
5 into the electronic apparatus; adjusting means operated in such 
a manner that a calculation is made of a difference between an 
inverted signal which is outputted from the electronic apparatus 
in correspondence with the predetermined input signal and a 
reference signal, having no relationship with respect .to the,. 

10 inverted signal, and the calculated difference value is held 
and also reflected onto the reference signal; comparing means 
for conducting an error signal indicative of a difference between 
an non-inverted signal which is outputted from the electronic 
apparatus in correspondence with the predetermined signal and 

15 a signal produced by reflecting the held difference value onto 
the reference signal; calculatingmeans operated in such a manner 
that a value corresponding to the error signal is added to the 
predetermined signal, and the added signal is entered to the 
electronic apparatus by the input means; storage means for 

20 storing thereinto a converged value of the error signal; and 
compensating means for defining the converged value stored in 
the storage means as an offset compensating value of the 
electronic apparatus . 
[0012] 

25 In accordance with the above-described arrangement of the 

offset compensating apparatus, the difference between the 
reference signal and the inverted signal outputted when a 
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predetermined signal is inputted to the electronic apparatus 
is calculated and this calculateddifference value is maintained. 
Also, this difference value is reflected onto the reference 
signal . Next/ such an error signal indicative of the difference 
5 between the non-inverted signal which is outputted from the 
electronic apparatus in correspondence with the predetermined 
signal and the signal produced by reflecting the held difference 
value onto the reference signal is conducted. Then, such an 
. operation is repeatedly, .carried out in such a manner that the 

10 value corresponding to the error signal is added to the 

predetermined signal, and the added signal is entered to the 
electronic apparatus by the input means. As a result, such a 
value obtained when the error signal is converged is defined 
as the compensation value for compensating the offset of the 

15 electronic apparatus . In this case, if such a comparing circuit 
having higher comparing precision is employed as the 
above-described comparing means for conducting the error signal 
indicative of the difference between the non-inverted signal 
and the signal to which the reference signal has been reflected, 

20 then the precision as to the offset compensating value of the 
electronic apparatus can be improved, so that the offset of the 
electronic apparatus can be canceled in high precision. 
[0013] 

According to third aspect of the invention, in the offset 
25 compensating apparatus, the calculating means is a counter. 
[0014] 

In accordance with the above-described arrangement, if 
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the counter is operated when the error signal is outputted from 
the comparing means whereas the counting operation of the counter 
is reset when no error signal is outputted from the comparing 
means, then a counter value obtained just before the resetting 
5 operation may become the converged value of the error signals. 
[0015] 

According to fourth aspect of the invention, in the offset 
compensating apparatus, the calculating means is an 
adding-and-subtracting circuit. 
10 [0016] 

In accordance with the above-described arrangement, if 
the adding-and-subtracting circuit (up/down counter) is 
operated when the ierror signal is outputted from the comparing 
means whereas the operation of the adding-and-subtracting 

15 circuit is reset when no error signal is outputted from the 
comparing means, then such an adding-and-subtracting value 
obtained just before the resetting operation may constitute the 
converged value of the error signals. In this case, since the 
adding-and-subtracting circuit may perform either the adding 

20 operation or the subtracting operation in response to a polarity 
of an error signal outputted from the comparing means, the 
converged value of the error signals can be obtained irrespective 
of the polarity of the error signal. 
[0017] 

25 According to fifth aspect of the invention, in the offset 

compensating apparatus, the storage means stores thereinto a 
half value of the converged value of the error signal. 
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[0018] 

In accordance with the above-described arrangement, if 
the half value of the converged value of the error signal is 
stored in the storage means and this half value is employed as 
5 theof f set compensating value, only a half portion of the inverted 
signal is merely corrected. However, since the non-inverted 
signal is also inverse-corrected, the offset of the electronic 
apparatus can be canceled, and further, the offset of the current 

adding type D/A converter may be canceled.. 

10 [0019] 

According to sixth aspect of the invention, in the offset 
compensating apparatus, both the holding means and the comparing 
means correspond to the comparing circuit of the first aspect 
of the invention. 
15 [0020] 

In accordance with the above-described arrangement, in 
such a case that a difference is given to two input signals of 
the differential circuit in the comparing circuit recited in 
the first aspect of the invention with reference to the reference 

20 signal, the phase of this output voltage is inverted so as to 
apply this phase-inverted voltage to the substrate of the first 
transistor, so that the difference is added to the reference 
signal and therefore this difference can be reflected onto the 
reference signal. As a consequence, when the adjusting means 

25 and the comparing means function as the comparing circuit, since 
the reference signal to which the difference has been reflected 
is compared with the non-inverted signal to be compared, the 
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adverse influence caused by the offset of the comparing circuit 
can be eliminated, and the comparing operation can be carried 
out in high precision. 
[0021] 

5 According to seventh aspect of the invention, provided 

is an offset compensating apparatus for compensating offset of 
an inverted signal and a non-inverted signal, which are outputted 
from paired output ports owned by an electronic apparatus, 
comprising: . input means for inputting a predetermined signal 

10 into the electronic apparatus; first comparing means for 

conducting a first error signal indicative of a difference 
between an inverted signal which is outputted from the electronic 
apparatus in correspondence with the predetermined signal and 
a reference signal having no relationship with respect to the 

15 inverted signal; first calculating means operated in such a 
manner that a value corresponding to the first error signal is 
added to the predetermined signal, and the added signal is entered 
to the electronic apparatus by the input means; first storage 
means for storing thereinto a converged value of the first error 

20 signal; second comparing means for conducting a second error 
signal indicative of a difference between a non-inverted signal 
which is outputted from the electronic apparatus in 
correspondence with the predetermined signal and a reference 
signal having no relationship with respect to the non-inverted 

25 signal; second calculating means operated in such a manner that 
a value corresponding to the second error signal is added to 
the predetermined signal, and the added signal is entered to 
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the electronic apparatus by the input means ; second storage means 
for storing thereinto a converged value of the second error 
signal; and offset compensating means for calculating an offset 
compensating value of the electronic apparatus by employing the 
5 respective converged values stored in the first storage means 
and the second storage means - 
[0022] 

In accordance with the above-explained arrangement of the 
offset compensating apparatus , such an operation is repeatedly 

10 carried out so as to acquire the converged value of the first 
error signal, and then this converged value is stored. In this 
operation, the predetermined signal is inputted to the electronic 
apparatus, the first error signal indicative of the difference 
between the inverted signal which is outputted from the 

15 electronic apparatus in correspondence with the predetermined 
signal and the reference signal having no relationship with 
respect to the inverted signal is conducted, and the value 
corresponding to the first error signal is added to the 
predetermined signal, and then the added signal is entered to 

20 the electronic apparatus. Thereafter, the second error signal 
indicative of the difference between the non-inverted signal 
which is outputted from the electronic apparatus in 
correspondence with the predetermined signal and the reference 
signal having no relationship with respect to the non-inverted 

25 signal is conducted. Such an operation is carried out so as 
to acquire the converged value of the second error signal, and 
then this converged value is stored. In this operation, the 
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second error signal indicative of the difference between the 
non-inverted signal which is outputted from the electronic 
apparatus in correspondence with the predetermined signal and 
the reference signal having no relationship with respect to the 
5 non-inverted signal is conducted, and then, a value corresponding 
to the second error signal is added to the predetermined signal, 
and thereafter the added signal is entered to the electronic 
apparatus. Next, a calculation is made of both the converged 
value of. the first error signal and the. converged value of the 

10 second error signal in order that both the offset of the first 
comparing means and the offset of the second comparing means 
are canceled which have be entered when the first error signal 
and the second error signal are conducted. As a result, the 
offset compensating value for the electronic apparatus can be 

15 obtained in high precision, which is not aversely influenced 
by the offset owned by both the first and second. comparing means 
during comparing operations. Also, the normal comparing 
circuits can be employed as the first and second comparing means . 
[0023] 

20 According to eighth aspect of the invention, in the offset 

compensating apparatus, the offset compensating value is 
calculated by adding the converged value stored in the first 
storage means to the converged value stored in the second storage 
means . 

25 [0024] 

In accordance with the above-described arrangement, if 
the converged value of the first error signal stored in the first 
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storage means is added to the converged value of the second error 
signal stored in the second storage means, since the offset of 
the first comparing means and the offset of the second 
compensating means own the opposite phases to each other, then 
5 both of these offset amounts can be canceled. When the added 
value is reduced by 1/2, the offset compensating value of the 
electronic apparatus can be obtained in high precision without 
any adverse influence caused by the offset amounts of the first 

and second comparing means- 

10 [0025] 

According to ninth aspect of the invention, in the offset 
compensating apparatus, the converged value of the first error 
signal and the converged value of the second error signal are 
reduced by 1/2 respectively, and then, the 1/2-reduced converged 
15 values are stored into the first storage means and the second 
storage means, respectively. 
[0026] 

In accordance with the above-explained arrangement, since 
the converged values of both the first and second error signals 

20 stored in the first and second storage means have already been 
reduced by 1/2, if these converged values are added to each other 
so as to cancel the offset of the first and second comparing 
means, then the offset compensating value of the electronic 
apparatus can be immediately obtained in high precision. 

25 [0027] 

According to tenth aspect of the invention, in the offset 
compensating apparatus, the first and second calculating means 
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are counters. 
[0028] 

In accordance with the above-described arrangement, if 
the counter is operated when the first and second error signals 
5 are outputted from the first and second comparing means whereas 
the counting operation of the counter is reset when the first 
and second error signals are not outputted from the first and 
second comparing means, then a counter value obtained just before 
the resetting operation may become the converged .value of the 
10 first and second error signals. 
[0029] 

According to eleventh aspect of the invention, in the 
offset compensating apparatus, the first and second calculating 
means are adding-and-subtracting circuits. 
15 [0030] 

In accordance with the above-described arrangement, if 
the adding-and-subtracting circuit (up/down counter) is 
operated when the first and second error signals are outputted 
from the first and second comparing means whereas the operation 

20 of the adding-and-subtracting circuit is reset when both the 
first and second error signals are not outputted from the first 
and second comparing means, then such an adding-and-subtracting 
value obtained just before the resetting operation may constitute 
the converged value of the first and second error signals. In 

25 this case, since the adding-and-subtracting circuit may perform 
either the adding operation or the subtracting operation in 
response to polarities of first and second error signals 
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outputted from the first and second comparing means, the 
converged value of the first and second error signals can be 
obtained irrespective of the polarities of the first and second 
error signals. 
5 [0031] 

According to the twelfth aspect of the invention, in the 
offset compensating apparatus, the electronic apparatus 
corresponds to a D/A (digital-to-analog) converting circuit. 

[0032] 

10 In accordance with the above-explained arrangement, the 

offset of the D/A converting circuit can be canceled in higher 
precision, so that the converting precision can be improved. 
[0033] 

BRIEF DESCRIPTION OF THE DRAWINGS 
15 Fig. 1 is a circuit diagram for indicating an arrangement 

of a comparing circuit according to a first embodiment of the 
present invention . 

Fig . 2 is a circuit diagram for showing a structural example 
of transistors indicated in Fig. 1. 
20 Fig. 3 is a circuit diagram for explaining a reference 

potential adjusting operation of the comparing circuit according 
to the first embodiment. 

Fig. 4 is a circuit diagram for explaining a current 
capability offset adjusting operation of differential pair 
25 transistors employed in the comparing circuit according to the 
first embodiment. 

Fig. 5 is a circuit diagram for explaining a current offset 
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adjusting operation of a current mirror employed in the comparing 
circuit according to the first embodiment - 

Fig. 6 is a circuit diagram for describing an adjusting 
operation for a substrate potential of a transistor Nl employed 
5 in the comparing circuit according to the first embodiment. 

Fig. 7 is a circuit diagram for explaining an adjusting 
operation for a substrate potential of the transistor Nl in the 
case that offset is applied to an operating circuit of the 
comparing circuit according to the first- embodiment. 
10 Fig. 8 is a diagram for indicating a mutual relationship 

among a substrate potential and a source potential of a transistor 
shown in Fig. 1, and a clamp potential. 

Fig. 9 is a circuit diagram for showing such an arrangement 
that the differential pair of the comparing circuit shown in 
15 Fig. 1 is constructed of PNP transistors. 

Fig. .10 is a circuit diagram for showing an arrangement 
of an offset compensating apparatus according to a second 
embodiment of the present invention. 

Fig. 11 is a circuit diagram for indicating an arrangement 
20 of an offset compensating apparatus according to a third 
embodiment of the present invention. 

Fig. 12 is a circuit diagram for representing an 
arrangement of an offset compensating apparatus according to 
a fourth embodiment of the present invention. 
25 Fig. 13 is a circuit diagram for indicating an arrangement 

of an offset compensating apparatus according to a fifth 
embodiment of the present invention. 
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Fig. 14 is a circuit diagram for showing an arrangement 
of an offset compensating apparatus according to a sixth 
embodiment of the present invention. 

Fig. 15 is a circuit diagram for indicating an arrangement 
5 of an offset compensating apparatus according to a seventh 
embodiment of the present invention. 

Fig. 16 is a circuit diagram for representing an 
arrangement of an offset compensating apparatus according to 

an eighth embodiment of the present invention. 

10 Fig. 17 is a circuit diagram for indicating an arrangement 

of. an offset compensating apparatus according to a ninth 
embodiment of the present invention. 

Fig. 18 is a circuit diagram for showing an arrangement 
of an offset compensating apparatus according to a tenth 
15 embodiment of the present invention. 

Fig. 19 is a circuit diagram for indicating an arrangement 
of an offset compensating apparatus according to an 11-th 
embodiment of the present invention. 

Fig. 20 is a circuit diagram for representing an 
20 arrangement of an offset compensating apparatus according to 
a 12-th embodiment of the present invention. 

Fig. 21 is a circuit diagram for indicating an arrangement 
of an offset compensating apparatus according to a 13-th 
embodiment of the present invention. 
25 Fig. 22 is a circuit diagram for showing an arrangement 

of an offset compensating apparatus according to a 14-th 
embodiment of the present invention. 
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Fig. 23 is a circuit diagram for indicating an arrangement 
of an offset compensating apparatus according to a 15-th 
embodiment of the present invention. 

Fig. 24 is a circuit diagram for showing an arrangement 
5 of an offset compensating apparatus according to a 16-th 
embodiment of the present invention. 
[0034] 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring now to drawings, various embodiments of the 

10 present invention will be described. 
(FIRST EMBODIMENT) 

Fig. 1 is a circuit diagram for indicating an arrangement 
of a comparing circuit according to a first embodiment of the 
present invention. As shown in the drawing, the comparing 

15 circuit (will also be referred to as a "comparator" hereinafter) 
is equipped with NMOS transistors Ml and N2, which constitute 
a differential pair; a constant current source transistor N3; 
load transistors (PMOS transistors) PI andP2, which constitute 
a current mirror; and output-stage transistors (constructed of 

20 PMOS transistor P3 and constant current source transistor N4) 
which constitute a push-pull type output-stage circuit. The 
comparing circuit is also equipped with a phase adjusting 
resistor Rc; a phase adjusting capacitor Cc; a phase adjusting 
circuit 410 constructed of a switch SW2 which is brought into 

25 an ON state while offset is adjusted; a DC cutoff capacitor CI; 
a switch SWl; another switch Sw2; another switch SW3; an input 
terminal Tl; and another input terminal T2 . 

18 



[0035] 

In this case, either an input voltage (INPUT) or a reference 
voltage (will also be referred to as bias voltage "Vref") is 
applied via an input terminal "Tl" to a differential pair 
5 transistor Nl . Also, the reference voltage (Vref) is 

continuously applied via another input terminal "T2" to the 

differential pair transistor (N2) . 

[0036] 

Symbol "N" which is applied to each of these transistors. 

10 described in Fig. 1 implies an N type MOS transistor, and symbol 
"P" which is applied to each of these transistors described in 
Fig. 1 implies a P type MOS transistor. It should be noted that 
symbol "VDD" represents a power supply voltage (for example, 
3V) , and symbol "VSS" indicates a minimum voltage (GND) of the 

15 comparing circuit . The switches SWl to SW3 are provided in order 
to selectively switch a normal operating mode and an offset 
adjusting mode. 
[0037] 

The switch SW3 which receives the input signal (INPUT) 
20 is switched to an "a"-terminal side during the normal operation, 
and is switched to a "b"-terminal side when the offset adjusting 
mode is set. Similarly, the switch SWl is switched to an 
"a"-terminal side during the normal operation, and is switched 
to a "b"-terminal side when the offset adjusting mode is set. 
25 [0038] 

Furthermore, the switch SW2 is turned ON in the offset 
adjusting mode, and is turned OFF during the normal operation 
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while the comparator is operated. This is because of the 
below-mentioned reason. That is, in the case that a negative 
feedback control operation is carried out so as to perform an 
offset adjustment, a control signal for controlling a substrate 
5 bias must be changed in a linear manner . To this end, an operation 
of a linear region of an analog circuit is required. 
[0039] 

As a consequence, the switch SW2 is turned ON in the offset 
adjusting .mode so as to bring a phase adjusting circuit 410. into 
10 an active state. As a result, the comparator can be operated 
as an operational amplifier (op-amp) . 
[0040] 

It should be understood that in Fig. 1, the capacitor CI 
may function as a DC cutoff capacitor capable of avoiding that 

15 a substrate bias of the NMOS transistor Nl gives an adverse 
influence to either a source potential or a substrate potential 
of the NMOS transistor N2 . Furthermore, this capacitor CI 
functions as a holding capacitor. That is, even after an offset 
adjustment was accomplished and then both the switches SWl and 

20 SW3 have been switched to the a-terminal side, this holding 
capacitor continuously applies an adjusted voltage to the 
substrate of the NMOS transistor Nl for at least a predetermined 
time period. 
[0041] 

25 Fig. 2 is a diagram for indicating a sectional structure 

of a semiconductor device as to the NMOS transistors (Nl and 
N2) which constitute the differential pair in the comparing 
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circuit of Fig. 1. As indicated in this drawing, the NMOS 
transistors Nl and N2 employ double well structures in which 
an N type well 12 is formed in a P type substrate 11, and P type 
wells 14 and 16 are formed in this N type well. Then, source 
5 and drain layers (18 and 20) are formed in the P type well 14, 
and source and drain layers (22 and 24) are formed in the P type 
well layer 16. 
[0042] 

. A transistor shown in the left side of Fig. 2 corresponds 
10 to the transistor Nl, whereas a transistor shown in the right 
side of Fig. 2 corresponds to the transistor N2. It should also 
be noted that a substrate bias of the transistor Nl implies a 
voltage of the P type well 14 in Fig. 2. As will be explained 
later, a size of the differential pair transistor N may be 
15 preferably made larger than a size of the differential pair 
transistor N2 (this size aspect will be discussed with reference 
to Fig. 6 and Fig. 7) . 
[0043] 

Next, referring to Fig. 3 to Fig. 7, a description is made 
20 of operations executed when the offset of the comparator 

(comparing circuit) according to the first embodiment of the 
present invention, shown in Fig. 1. It should be understood 
that although circuits indicated in Fig. 3 to Fig. 6 are the 
same as the circuit of Fig. 1, these circuits are formed for 
25 the salce of easier understanding than that of Fig. 1. As a 
consequence, in Fig. 3 to Fig. 6, the constant current source 
transistors {N3 and N4) of Fig. 1 are illustrated in a simple 
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manner as constant current sources (ISWl andISW2) , respectively. 
Also, will be explained later, it is desirably set that the size 
(namely, channel conductance of MOS transistor: W/L) of the 
differential pair transistor Nl is made larger than the size 
5 of the differential pair transistor N2, for instance, the size 
of this differential pair transistor N2 is made two times larger 
than that of the differential pair transistor Nl . 
[0044] 

. . As shown in. -Fig. .3, the switch SWl is switched to. the. 

10 b-terminal side in the offset adjusting mode . As a result, gate 
voltages "Vinl" and "Vin2" of the differential pair transistors 
Nl and N2 are fixed to a reference voltage "Vref . " As previously 
explained, a current amount of a left side of a differential 
circuit is identical to a current amount of a right side of this 

15 differential circuit in view of logic values. However, in an 
actual case, these current amounts become unbalance due to 
various factors. In accordance with this first embodiment, the 
current amounts are automatically adjusted in a direction along 
which this unbalanced current amount can be canceled, while this 

20 unbalance canceling adjustment may be realized by changing a 
substrate bias of a MOS transistor. 
[0045] 

Before a concrete explanation is commenced, a description 
is made of a relationship between a threshold voltage "Vth" of 
25 a MOS transistor and a substrate bias. The threshold voltage 
"Vth" of the MOS transistor may be expressed by the 
below-mentioned formula (1) : 



[0046] 

Vth = 2(pB + {2eSqNA (2(pB + VBS) } l/2Ci (1) 

[0047] 

In this formula (1), symbol "cpB" indicates a potential 
5 of the substrate, symbol "eS" shows a dielectric constant of 
silicon, symbol "q" represents a unit electric charge, and also, 
symbol "Ci" indicates a gate capacitance. 
[0048] 

The threshold voltage Vth depends upon the source potential 
10 VBS (namely, potential at source while substrate is employed 
as reference potential) . The higher this source potential VBS 
becomes, the higher the threshold voltage (inverting voltage) 
Vth is increased. 
[0049] 

15 In this case, such an operation that a source potential 

is increased while a substrate potential is fixed is equivalent 
to such an operation that the source potential is fixed so as 
to lower the substrate potential. Both operations imply that 
the threshold voltage Vth is increased based upon the 

2 0 above-described formula (1). 
[0050] 

Various sorts of automatic offset adjusting operations 
will now be described with reference to Fig. 3 to Fig. 7. 
(1) SUBSTRATE POTENTIAL ADJUSTING OPERATION: 
25 First, a description is made of operations capable of 

automatically adjusting the substrate potential of the 
differential pair transistor (NMOS transistor: will be simply 
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described as "transistor" hereinafter) Nl with reference to Fig. 
3. In Fig. 3, in order to clearly understand a negative feedback 
operation, changes in voltages appeared at predetermined places 
within the comparing circuit are indicated by employing arrows 
5 to which reference numerals 1 to 5 are attached. It should be 
noted that an arrow pointed to an upper direction implies an 
ascent of a voltage, whereas an arrow pointed to a lower direction 
implies a descent of a voltage. 
[0051] 

10 In the case of the comparator (when phase adjusting device 

410 is turned ON, this comparator functions as operational 
amplifier) of Fig. 3, the substrate potential of the transistor 
Nl is not fixed. As a consequence, the substrate potential of 
the transistor Nl is not determined under initial condition, 

15 but is brought into an unstable condition. 
[0052] 

Assuming now that the substrate potential of the transistor 
Nl is lower than the substrate potential of the transistor N2 
(see arrow 1 of Fig. 3) , as previously explained, the threshold 
20 voltage Vth of the transistor Nl is increased. As a result, 
a current capability of the transistor Nl becomes lower than 
a current capability of the transistor N2 . 
[0053] 

Under this condition, the gate voltage (VNl) of the 
25 transistor Nl is equal to such a condition that this gate voltage 
(VNl) is lower than the gate voltage (VN2) of the transistor 
N2 (arrow 2 of Fig. 3) . As a result, since a phase relationship 
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between an input signal and an output signal of a differential 
amplifying circuit 50 ( indicated by triangular wide line in Fig . 
3) is established an in-phase condition, the voltage of the output 
signal from the differential amplifying circuit 50 is also 
5 lowered (arrow 3 shown in Fig. 3) . 
[0054] 

A voltage level of the output signal of the differential 
amplifier 50 is inverted at a source-grounded PMOS transistor 
(P3) . As a consequence, a level of an output . voltage of the « 

10 source-grounded PMOS transistor (P3) is increased (reference 
numeral 4 in Fig. 3) . At the present time, the switch SWl has 
been switched to the b-terminal side, so that the output voltage 
of the source-grounded PMOS transistor (P3) is fed back as the 
substrate bias of the differential pair transistor Nl employed 

15 in the differential amplifying circuit 50. 
[0055] 

As a result, the output voltage of the source-grounded 
PMOS transistor (P3) may directly constitute a substrate 
potential of the differential pair transistor Nl . As a 

20 consequence, the substrate potential of the transistor Nl is 
increased (reference numeral 5 shown in Fig. 3) . Since this 
operation is repeatedly carried out, the substrate potential 
of the transistor Nl becomes equal to the substrate potential 
of the transistor N2 and thus becomes stable. This operation 

25 implies that the substrate potential of the transistor Nl is 
adjusted in such amanner that a left-sided circuit system (namely, 
transistors PI to Nl circuit system) of the differential 
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amplifying circuit, and a right-sided circuit system (namely, 
transistors P2 to N2 circuit system) thereof may have the same 
characteristics . 
[0056] 

5 (2) OPERATION FOR ADJUSTING OFFSET OF CURRENT 

CAPABILITY OF DIFFERENTIAL PAIR TRANSISTORS: 

There are many cases that offset occurs in the current 
capabilities of the differential pair transistors Nl and N2, 
which is caused by fluctuations produced when these transistors. 
10 are manufactured. Referring now to Fig. 4, a description is 
made of operations for adjusting the offset of the current 
capabilities of the differential pair transistors. 
[0057] 

In this offset adjusting operation, it is so assumed that 
15 the current capability of the differential pair transistor 
(left-sided transistor) Nl becomes higher than the current 
capability of the differential pair transistor (right-sided 
transistor) N2 . In other words, as described in Fig . 4, a current 
amount of a current "II" which flows through the left circuit 
2 0 system of the differential circuit is larger than a current amount 
of a current " 12 " flowing through the right circuit system thereof 
(arrow 1 of Fig. 4) . 
[0058] 

Such a condition is identical to a condition in which the 
25 gate voltage of the transistor Nl is higher than the gate electrode 
of the transistor N2 (arrow 2 of Fig. 4) . As a result, since 
a voltage level of a single ended output of the differential 
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circuit is increased (arrow 3 in Fig. 4), a level of an output 
signal of the source-grounded transistor P3 is lowered (arrow 
4 in Fig, 4) • The output voltage of this source-grounded 
transistor P3 directly becomes the substrate potential of the 
5 differential pair transistor Nl . Therefore, the substrate 
potential of this differential pair transistor Nl is lowered 
(arrow 5 in Fig. 4) . As a result, the threshold voltage Vth 
of the transistor Nl is increased, so that the current capability 
of -the transistor Nl is lowered, .... 
10 [0059] 

This lowering of the current capability is essentially 
identical to lowering of the gate voltage of the differential 
pair transistor Nl (arrow 6, in Fig, 4) . When such a negative 
feedback operation is repeatedly carried out and then both the 

15 transistors Nl and N2 become the same characteristics, the 
circuit condition may become stable. This, implies that the 
substrate potential of the differential pair transistor Nl may 
be adjusted in such a manner that both the left-sided circuit 
system and the right-sided circuit system of the differential 

20 circuit become the same characteristics under such a condition 
that the gate voltage of the differential pair transistor Nl 
is equal to the gate voltage of the differential pair transistor 
N2. 
[0060] 

25 (3) ADJUSTING OPERATION OF CURRENT OFFSET OF CURRENT 

MIRROR: 

Next, it is so assumed that a current capability of the 
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transistor "PI" is lower than a current capability of the 
transistor "P2", while the transistor PI and the transistor P2 
constitute the current mirror . Fig . 5 is an explanatory diagram 
for explaining an adjusting operation of current offset of the 
5 current mirror in this assumption case. 
[0061] 

Such an operation that a current "II" flowing through the 
transistor PI is smaller than another current "12" flowing 
through the transistor P2 implies that under, the condition, that 
10 both the differential pair transistors Nl and N2 conduct the 
same amounts of the currents, a supply of a current from a power 
supply potential VDD in the left-sided circuit system is smaller 
than that of the right-sided circuit system. 
[0062] 

15 As a result, a drain voltage of the transistor PI becomes 

lower than a drain voltage of the transistor P2 (arrow 1. in Fig. 
5) . In other words, such a condition is made that the drain 
voltage of the differential pair transistor Nl become lower than 
the drain voltage of the differential pair transistor N2 . This 

20 condition is identical to a condition in which a gate voltage 
of the transistor Nl becomes higher than the gate voltage of 
the transistor N2 (arrow 2 in Fig. 5) . 
[0063] 

Accordingly, a voltage level of a single ended output 
25 signal of the differential circuit is increased (arrow 3 in Fig. 
5) . As a consequence, a voltage level of an output signal of 
the source-grounded transistor P3 is lowered (arrow 4 in Fig. 
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5) . As a result, a substrate potential of the transistor Nl 
is lowered (arrow 5 in Fig. 5) . If the substrate potential of 
the transistor Nl is lower than a substrate potential of the 
transistor N2, then the threshold voltage Vth of the transistor 
5 Nl is increased, and the current capability of the transistor 
Nl is lowered. If the current capability of the transistor Nl 
is lowered, the drain voltage of the differential pair transistor 
Nl is increased. In other words, the drain voltage of the 
transistor ? which constitutes the current mirror . is increased .. 
10 (arrow 6 in Fig. 5) . 
[0064] 

As previously explained, in such a case that both the 
transistors PI and P2 own the different characteristics from 
each other, or even in such a case that the transistors Nl and 

15 N2 own the different characteristics from each other, the 

substrate potential of the differential pair transistor Nl is. 
automatically adjusted in such a manner that the characteristic 
of the left-sided circuit system (circuit system containing 
transistors PI andNl) of the differential circuit is identical 

20 to the characteristic of the right-sided circuit system (circuit 
system containing transistors P2 and N2) thereof under such a 
condition that the gate voltage of the differential pair 
transistor Nl is equal to the gate voltage of the differential 
pair transistor N2 (Vinl = Vin2) . 

25 [0065] 

In the above-described explanation, there is such a 
condition that the input levels of the differential pair 
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transistors Nl and N2 are made equal to each other. As a 
consequence, under such a condition that the input levels with 
respect to the differential circuit are made equal to each other, 
the current offset of the current mirror may be automatically 
5 adjusted in such a manner that both the left current offset and 
the right current offset of the differential circuit become zero . 
[0066] 

(4) ADJUSTING OPERATION OF SUBSTRATE POTENTIAL OF 
TRANSISTOR Nl IN CASE- THAT. OFFSET IS APPLIED TO LEVELS OF TWO. 

10 INPUT SIGNALS OF DIFFERENTIAL CIRCUIT: 

Next, such a case is assumed that while offset is applied 
to input signals of the differential pair transistors (Nl and 
N2), the input signal VNl of the differential pair transistor 
Nl. is higher than the input signal VN2 of the differential pair 

15 transistor N2 . Fig. 6 is a circuit diagram for explaining an 
offset adjusting operation of this case. 
[0067] 

Such a condition that the input signal VNl of the transistor 
Nl is higher the input signal VN2 of the transistor N2 corresponds 

20 to such a condition that the transistor Nl conducts a larger 
current from a current of the transistor N2 (arrow 1 in Fig. 
6) . In other words, a drain voltage of the transistor Nl is 
lowered (arrow 2 in Fig. 6) . As a result, a voltage level of 
a single ended output signal of the differential circuit is 

25 increased (arrow 3 in Fig. 6) . 
[0068] 

As a consequence, a level of an output signal from the 
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source grounded transistor P3 is lowered (arrow 4 in Fig. 6) . 
The output voltage of the transistor P3 directly constitutes 
a substrate potential of the differential pair transistor Nl . 
Therefore, the substrate potential of the transistor Nl is 
5 lowered (arrow 5 in Fig. 6) . As a result, a threshold voltage 
Vth of the transistor Nl is increased, so that the current 
capability of the transistor Nl is lowered. 
[0069] 

As previously explained, in such a case that the input . 

10 signals of the transistors Nl and N2 are different from each 
other, the substrate potential of the differential pair 
transistor Nl is automatically adjusted in such a manner that 
the characteristic of the left-sided circuit system (circuit 
system containing transistors PI and Nl) of the differential 

15 circuit is identical to the characteristic of the right-sided 
circuit system (circuit system containing transistors P2 and 
N2) thereof under such a condition that the gate voltage of the 
differential pair transistor Nl is different from the gate 
voltage of the differential pair transistor N2 (Vinl + a = Vin2 ) . 

20 [0070] 

As apparent from the above-described operation, when it 
is so considered that the gate voltage Vin2 is used as the reference 
voltage (Vin2 = Vref ) , a difference {+«) of the voltage signal 
(Vref + oc) inputted to Vinl can be held as the offset. In other 
25 words, after this offset adjusting mode has been made effective, 
when both the switches SWl and SW4 are connected to the a-terminal 
sides and then the normal operation mode is made effective, the 



offset (+a) is added to the input signal (Vref) of Vin2 . Thus, 
it seems as if the comparing operation by the comparator were 
such a comparing operation executed between (Vref + a) and (Vin2) . 
This implies that such a comparing operation can be carried out 
5 which is equivalent to a direct comparing operation between the 
signal inputted to Vinl in the offset adjusting mode and the 
signal inputted to Vinl in the normal operating mode. 
[0071] 

(5) . ADJUSTING OPERATION OF SUBSTRATE POTENTIAL OF 
10 TRANSISTOR Nl IN CASE THAT OFFSET IS APPLIED TO DIFFERENTIAL 
CIRCUIT IN ORDER NOT TO TURN ON STRAY DIODE: 

In this first embodiment/ such an offset intentionally 
applying method from the initial condition is actively utilized 
which is similar to the above-explained adjusting operation of 
15 the substrate potential of the transistor Nl in the case that 
the offset is applied to the levels of the two input signals 
of the above-described differential circuit (4) . 
[0072] 

In other words, the size of the transistor Nl is designed 
20 to be made larger than the size of the transistor N2 so as to 
apply a difference to the current capabilities of these 
transistors Nl and N2 from the beginning stage. As a result, 
it is possible to prevent the turn-ON operation of the stray 
diode, and the substrate potential of the transistor Nl can be 
25 varied along any one of the positive direction and the negative 
direction without any restriction. 
[0073] 



Such a designing operation that the size of the transistor 
Nl is made larger than the size of the transistor N2 implies 
such an operation that under the above-described condition of 
"Vinl -a = Vin2", the gate voltage "Vinl" is forcibly made equal 
5 to the gate voltage "Vin2" (namely, Vinl - Vin2) , and the offset 
of "-a" is applied to an output voltage of the source-grounded 
transistor P3 from the initial condition. Referring now to Fig. 
1, a concrete explanation will be made an follows: 
[0074] 

10 As indicated in Fig. 7, the size of the differential pair 

transistor Nl is made two times larger than the size of the 
differential pair transistor N2 . It is so assumed that the 
substrate potential of the differential pair transistor Nl is 
increased by way of a negative feedback control in order to adjust 

15 an unbalance condition between a right-sided current and a 
left-sided current of the differential circuit. 
[0075] 

At this time, if a stray capacitance 10 (see Fig. 7) 
interposed between the substrate and the source is turned ON, 

20 then the substrate potential is clampedby such a voltage (namely, 
VK + VF) which is produced by adding a forward-direction voltage 
"VF" to a source potential "VK" of the transistor Nl, so that 
the substrate potential cannot be increased higher than, or equal 
to this clamped potential. Under this condition, the current 

25 adjusting capability of the MOS transistor utilizing the 
substrate bias effect may become imperfect. 
[0076] 
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In order to avoid such an event, in the example of Fig. 
1, the sizes (namely, channel conductance: N/L) of these 
dif ferentialpair transistorsNl andN2 are set to be, for example, 
a ratio of 2:1. This may imply that such an initial condition 
5 of "Vinl - a = Vin2" (symbol "a" being initial offset voltage) 
is applied between the input voltage "Vinl" of the transistor 
Nl and the input voltage "Vin2" of the other transistor N2 . 
[0077] 

In .this case, as described above, the of f set- voltage of 
10 "-a" is generated at the output voltage (output voltage of source 
grounded transistor P3) "Vout . " Since this offset voltage 
constitutes the substrate bias of the transistor Nl, the 
substrate potential of the transistor Nl is received by such 
a negative feedback control that this substrate potential is 
15 continuously lowered by this offset voltage "-a" under the 
initial condition, as compared with such a case that the size 
of the transistor Nl is made equal to the size of the transistor 
N2 . 
[0078] 

20 In other words, as to the substrate potential "VA" of the 

NMOS transistor Nl, the negative feedback control operation is 
exerted along only such a potential lowering direction (namely, 
minus direction) from the beginning stage. As a consequence, 
since the substrate potential "VA-." (namely, anode potential of 

25 stray diode 10) of the NMOS transistor Nl is not increased from 
the source voltage "VK" (namely, cathode potential of stray diode 
10), this stray diode 10 is not turned ON at all. 
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[0079] 

Fig. 8 is a diagram for indicating a relationship among 
the substrate potential "VA" and the source voltage "Vk" of the 
NMOS transistor Nl, and a clamp voltage . It should be understood 
that in this drawing, symbol "VC" indicates this clamp voltage; 
symbol "VF" shows a forward-direction voltage of the stray diode 
10; symbol "Vk" represents the source voltage; symbol "VAl" 
denotes an initial substrate potential in the case that the 
initial. of f set voltage is not applied; symbol "VA2" represents 
another initial substrate potential in the case that the initial 
offset voltage is applied; symbol "VQ" shows a shifting voltage 
caused by the initial offset voltage; and symbol "-" indicates 
a substrate bias. A left-sided diagram portion of Fig. 8 
indicates a change in the substrate biases in the case that the 
initial offset voltage "a" is not applied. When the substrate 
bias is increased, the substrate potential is clamped by the 
clamp voltage VC (VK + VF) , so that this substrate bias cannot 
be changed higher than, or equal to this clamp voltage VC. 
[0080] 

On the other hand, in the case that the initial offset 
voltage "a" is applied, since the substrate potential is shifted 
by the shifting voltage "VQ" (equivalent to above-explained 
offset voltage "a") to the minus side from the beginning stage, 
even when the substrate bias is sufficiently swung over the 
dynamic rage in a full scale, the stray diode 10 is not turned 
ON. Therefore, the substrate potential is not clamped. In 
other words, since there is no clamping risk caused by the stray 
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diode 10, the signal level of the negative feedback control signal 
may be changed within the predetermined dynamic range, while 
no limitation is given to this signal level. As a consequence, 
the substrate bias adjustment can be continuously carried out 
5 by way of the proper negative feedback control operation, 
[0081] 

It should also be noted that similar to the circuit of 
Fig. 1, a capacitor "CI" shown in Fig. 7 may function as a DC 
cutoff capacitor, and also may function as a holding capacitor. 

10 This DC cutoff capacitor is capable of avoiding that the substrate 
bias of the NMOS transistor Nl gives no advance influence to 
either the source potential or the substrate potential of the 
NMOS transistor N2 . The. holding capacitor is capable of 
continuously applying the adjusted voltage to the substrate of 

15 the NMOS transistor Nl for at least a predetermined time period 
even after the switches SWl and SW3 are switched to the a-terminal 
sides after the offset adjusting operation has been completed. 
[0082] 

In accordance with the first embodiment, since the offset 
20 of the comparator itself is added to the reference signal, the 
adverse influence of the offset caused by the manufacturing 
fluctuations of the transistors during the comparing operation 
can be eliminated, and thus, the comparing operations can be 
carried out in higher precision. 
25 [0083] 

Fig. 9 is a circuit diagram for indicating a comparator 
in which transistors constituting a differential pair of an input 
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stage are arranged by PMOS transistors. Although conductivity 
types of these transistors employed in Fig. 9 are selected to 
be opposite to those of the transistors employed in Fig. 1 to 
Fig. 7, a basic operation of this comparator shown in Fig. 9 
5 is the same as that of other comparators indicated in Fig. 1 
to Fig. 7 . A circuit operation of this comparator shown in Fig. 
9 is similar to those of other comparators indicated in Fig. 
1 to Fig. 7, and may have a similar effect to those of other 
comparators.. .. .. 

10 [0084] 

(SECOND EMBODIMENT MODE) 

Fig. 10 is a circuit diagram for showing an arrangement 
of an offset compensating apparatus according to a second 
embodiment mode of the present invention. The offset 

15 compensating apparatus of this second embodiment may cancel DC 
offset by employing a comparator having an offset adjusting 
function. 
[0085] 

In this second embodiment, as the comparator, the 
20 comparator 400 equipped with the offset adjusting function as 
explained in the above-described first embodiment is used. 
Prior to canceling of offset of a D/A converter 500a (500b)/ 
a switch SW4 which is provided in an input stage of the comparator 
400 is switched to an "a"-terminal side so as to adjust right/left 
25 current offset. A differential output (negative) of the D/A 
converter 500a (500b) is entered to this "a"-terminal . 
[0086] 
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As a result/ comparison voltages used in the comparator 
400 correspond to a reference voltage "Vref" connected to a 
noninverting terminal of this comparator 400, and the 
differential output (negative) of the D/A converter 500a (500b) 
5 which is connected to an inverting terminal of this comparator 
400, and have no mutual relationship. Accordingly, this may 
become equal to such a case that the offset is applied to the 
differential pair transistors of the comparator as explained 
in the above-described first embodiment, and may cause such an 
10 operation that a difference between the differential output 
(negative) and the reference voltage Vref is held by the 
comparator 400. 
[0087] 

Next, the switch SW4 is switched from the "a"-terminal 
15 to the "b"-terminal . At this time, such an operation for 

canceling the input/output offset of the D/A converter 500a 
(500b) is simultaneously carried out within a time period during 
which an adjusted voltage is held in the capacitor CI of the 
comparator circuit shown in Fig. 1 (Fig. 2 to Fig. 7) so as to 
20 adjust the offset of the comparator. 
[0088] 

In other words, in the case that the input /output of the 
D/A converter 500a (500b) own the of f set , such a correction value 
capable of canceling this offset is outputted from a correction 
25 value producing circuit 411, and then, this correction value 
is applied to the input signal in an adder 420. 
[0089] 
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Subsequently, an outline of operation capable of 
correcting the offset existed in the input/output of the D/A 
converter 500a (500b) will be explained. First of all, such 
a data corresponding to, for example, a DC signal of 1.7 V is 
5 inputted to the adder 420. At this time, a counter 412 starts 
to count up in synchronism with the data input of 1 .7 V. A latch 
circuit 414 directly applies the count value outputted from the 
counter 412 to the adder 420 for a time duration until the output 
signal of . the comparator 400. is inverted to a low level. 
10 [0090] 

Since the correction value applied to the adder 420 
corresponds to "0" in the beginning stage, the input data of 
1.7 V is directly applied to the D/A converter 500a (500b) . A 
converted output (analog signal) of this D/A converter 500a 
15 (500b) is supplied via the switch SW4 to the inverting terminal 
of the comparator 400, whereas the reference voltage Vref (2 
V in this embodiment) is being applied to the noninverting 
terminal of the comparator 400. 
[0091] 

20 When it is so assumed that an output "A-" of the D/Aconverter 

500a (500b) is equal to 1.7 V, such an offset of -0.29 V 
corresponding to a difference between 1.71 V and the reference 
voltage Vref (2V) is held in the comparator 400 . As a consequence, 
since the of f set is applied from the potential of the noninverting 

25 terminal, a comparison is made of 2 V - 0 . 29 V = 1 . 71 V. At 
this time, in the case that another output "A+" is equal to 1.69 
V, since the potential at the noninverting terminal seemingly 



becomes higher, the output of the comparator 400 is the high 
level . As a result, the count value of the counter 412 is applied 
to the adder 420 so as to be added to the input signal. 
[0092] 

5 When a similar operation is repeatedly carried out and 

an output signal of the D/A converter 500a (500b) exceeds "Vref (2 
V) + offset voltage (-0.29 V) = 1.71 V", the output level of 
the comparator 400 is inverterd into a low level, so that the 
counter 4 00 is reset . Also, the counter output obtained. at this 
10 time is latched by the latch 414 . As a result, both the positive 
and negative differential outputs of the D/A converter 500a 

(500b) are united to the potential (1.71 V) of the output "A-" 
thereof, so that the offset is canceled. 

[0093] 

15 In this case, when the voltage of the output "A-" is lower 

than the voltage of the output "A+" of this D/A converter 500a 
(500b) , namely when the voltage of "A-" = 1 . 65 V and the voltage 
of "A+" = 1.71 V, since the output level of the comparator 400 
becomes a low level, the adjusting function cannot become 

20 effective. As a consequence, in the stage for adjusting the 
output "A-f", the normal 1.7-Vdata is not inputted, but the lower 
voltage (e.g., 0 V) data must be forcibly applied. To this end, 
a certain time duration required to cancel the offset must be 
secured. 

25 [0094] 

In accordance with the second embodiment, since the 
comparator 400 having the high-precision comparing operation 



40 



is employed so as to correct the DC offset of the D/A converter 
500a (500b), this DC offset of the D/A converter 500a (500b) 
can be canceled in higher precision. 
[0095] 

5 (THIRD EMBODIMENT MODE) 

Fig. 11 is a circuit diagram for showing an arrangement 
of an offset compensating apparatus according to a third 
embodiment mode of the present invention. It should be 
. understood. that the. same .reference nvunerals shown in. the second... 

10 embodiment will be used for denoting the same, or similar circuit 
elements employed in the third embodiment. In the offset 
compensating apparatus of this third embodiment, a correction 
value producing circuit 430 is constituted by an 
adding-and-subtracting circuit (up/down counter ) 432 anda latch 

15 434, and as an input signal entered to an adder 420, any one 
of output signals derived from the adding-and-subtracting 
circuit 432 may be selected by a switch SW5. Other circuit 
arrangements of this offset compensating apparatus are similar 
to those of the circuit shown in Fig. 10. 

20 [0096] 

In this embodiment, as the comparator, the comparator 4 00 
equipped with the offset adjusting function as explained in the 
above-described first embodiment is employed. Prior to 
canceling of offset of a D/A converter 500a (500b) , a switch 
25 SW4 which is provided in an input stage of the comparator 4 00 
is switched to an "a"-terminal side so as to adjust right/left 
current offset. A differential output (negative) of the D/A 
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converter 500a (500b) is entered to this "a"-terminal . Also, 
since the switch SW5 has been switched to the "b"-terminal side, 
the output of the adding- and-subtracting circuit 43 may be 
directly entered to the adder 42, 
5 [0097] 

As a result, comparison voltages used in the comparator 
400 correspond to a reference voltage "Vref" connected to a 
noninverting terminal of this comparator 400, and the 
differential output (negative) of the D/A converter 500a (500b) 

10 which is connected to an inverting terminal of this comparator 
400, and have no mutual relationship. Accordingly, this may 
become equal to such a case that the offset is applied to the 
differential pair transistors of the comparator as explained 
in the above-described first embodiment, and may cause such an 

15 operation that a difference between the differential output 
(negative) and the reference voltage Vref is held by the 
comparator 400. 
[0098] 

Next, the switch SW4 switched from the "a" -terminal to 
20 the "b"-terminal . At this time, such an operation for canceling 
the input/output offset of the D/A converter 500a (500b) is 
simultaneously carried out within a time period during which 
an adjusted voltage is held in the capacitor CI of the comparator 
circuit shown in Fig. 1 (Fig. 2 to Fig. 7) so as to adjust the 
25 offset of the comparator. 
[0099] 

In other words, in the case that the input/output of the 
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D/A converter 500a {500b) own the of f set, such a correction value 
capable of canceling this offset is outputted from a correction 
value producing circuit 430, and then, this correction value 
is applied to the input signal in the adder 420. 
5 [0100] 

Subsequently, an outline of operations of this offset 
compensating apparatus will now be described. First of all, 
such a data corresponding to, for example, a DC signal of 1.7 
V is .inputted to- the adder 420. At this time, the . 

10 adding-and-subtracting circuit 432 executes a calculating 

operation in synchronism with the data input of 1 . 7 V in response 
to an output of the comparator 400. In the case that a signal 
level outputted from the comparator 4 00 is a high level, the 
adding-and-subtracting circuit 432 performs an up-counting 

15 operation in a certain time interval, whereas in the case that 
a signal level outputted from the comparator 400 is a low level, 
the adding-and-subtracting circuit 4 32 performs a down-counting 
operation. 
[0101] 

20 The correction value producing circuit 430 directly 

supplies a calculation value outputted from the 
adding-and-subtracting circuit 432 via the switch SW5 to the 
adder 420 while a sufficiently long time period has passed during 
which the offset cancel is converged. Since the correction value 

25 applied to the adder 420 corresponds to "0" in the beginning 
stage, the input data of 1.7 V is directly applied to the D/A 
converter 500a (500b) . 
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[0102] 

A converted output (analog signal) of this D/A converter 
500a (500b) is supplied via the switch SW4 to the inverting 
terminal of the comparator 400, whereas the reference voltage 
5 Vref (2 V in this embodiment) is being applied to the noninverting 
terminal of the comparator 400. When it is so assumed that an 
output "A-" of the D/A converter 500a (500b) is equal to 1 • 7 
V, such an offset of -0 . 29 V corresponding to a difference between 
1 71 V and . the. reference voltage Vref (2 V) is-held in. .the 
10 comparator 400* 
[0103] 

As a consequence, since the offset is applied from the 
potential of the noninverting terminal, a comparison is made 
of 2 V - 0 .29 V = 1 . 71 V. At this time, in the case that another 

15 output "A+" is equal to 1.69 V, since the potential at the 
noninverting terminal seemingly becomes higher, the output of 
the comparator 400 is the high level. As a result, the 
calculation result of the adding-and-subtracting circuit 432 
is applied via the switch SW5 to the adder 420 so as to be added 

20 to the input signal. 
[0104] 

When a similar operation is repeatedly carried out and 
an output signal of the D/A converter 500a (500b) exceeds "Vref (2 
V) + offset voltage (-0.29 V) =1.71 V", the output level of 
25 the comparator 400 is inverted into a low level . When the output 
level of the comparator 400 is inverted into the low level, the 
adding-and-subtracting circuit 432 starts its subtracting 
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operation • 
[0105] 

As previously explained, the adding operation and the 
subtracting operation are repeatedly carried out by 1.7 V, and 
5 then the offset cancel is converged at 1.7 V. At this timing, 
the switch SW5 is switched from the "b"-terminal to the 
"a"-terininal, so that the calculation output latchedby the latch 
434 is added into the adder 420. As a result, both the positive 
and negative differential outputs of the D/A converter. 5.00a 
10 (500b) are united to the potential (1.71 V) of the output "A-" 
thereof, so that the offset is canceled. 
[0106] 

In accordance with the third embodiment, when the voltage 
of the output "A-" is lower than the voltage of the output "A+" 

15 of this D/A converter 500a (500b) , namely when the voltage of 
"A-" = 1.65 V and the voltage of "A+" = 1.71 V, since the 
adding-and-subtracting circuit 432 performs the down counting 
operation so as to execute a similar operation, the lower voltage 
(e.g., 0 V) data is not forcibly applied. As a result, only 

20 such an adjusting time for the offset error is merely required, 
so that the resultant offset canceling time can be made shorter 
than that of the above-explained embodiment. 
[0107] 

The above-explained second and third embodiments 
25 correspond to such a method that the output voltage "A-" of the 
D/A converter 500a {500b) is handled as the fixed value, whereas 
the output voltage "A+" thereof is adjusted. However, as 
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employed in a current adding type D/A converter, there is another 
method that an output voltage "A+" and another output voltage 
"A-" must necessarily output an inverting relationship. It 
should be understood that the above-explained method of the 
5 second/third embodiments cannot be applied to such a current 
adding type D/A converter. 
[0108] 

(FOURTH EMBODIMENT MODE) 

. Fig. .12 is a circuit diagram for showing an. arrangement. . 

10 of an offset compensating apparatus according to a fourth 
embodiment mode of the present invention. It should be 
understood that the same reference numerals shown in the second 
embodiment will be used for denoting the same, or similar circuit 
elements employed in the fourth embodiment. In the offset 

15 compensating apparatus of this fourth embodiment, a correction 
value producing circuit 440 is constituted by a 1/2 circuit 443, 
and a switch SW5. The 1/2 circuit 443 reduces a count value 
of a counter 442 by 1/2. The switch SW5 selects as an input 
signal entered to an adder 420, anyone of output signals derived 

20 from an adding-and-subtracting circuit 432 and a latch 434. 
Other arrangements of this offset compensating apparatus are 
similar to those of the circuit shown in Fig. 10. 
[0109] 

Prior to canceling of offset ofa D/A converter 500a (500b) , 
25 a switch SW4 which is provided in an input stage of the comparator 
400 is switched to an "a"-terminal side so as to adjust right/left 
current offset. A differential output (negative) of the D/A 



converter 500a (500b) is entered to this "a"-terminal of this 
switch SW4 . Also, while the switch SW5 has been switched to 
the "b"-terminal side, an output signal of the 
adding-and-subtracting circuit 432 is directly entered to the 
5 adder 420. 
[0110] 

In this case, comparison voltages used in the comparator 
400 correspond to a reference voltage "Vref" connected to a 
noninverting terminal of this comparator 40.0, . and the 

10 differential output (negative) of the D/A converter 500a (500b) 
which is connected to an inverting terminal of this comparator 
400, and have no mutual relationship. Accordingly, this may 
become equal to such a case that the offset is applied to the 
differential pair transistors of the comparator as explained 

15 in the above-described first embodiment, and may cause such an 
operation that a difference between the differential output 
(negative) and the reference voltage Vref is held by the 
comparator 400. 
[0111] 

20 Next, the switch SW4 is switched from the "a"-terminal 

to the "b"-terminal . At this time, such an operation for 
canceling the input/output offset of the D/A converter 500a 
{500b) is simultaneously carried out within a time period during 
which an adjusted voltage is held in the capacitor CI of the 

2 5 comparator circuit shown in Fig. 1 (Fig. 2 to Fig. 7) so as to 
adjust the offset of the comparator. 
[0112] 



47 



In other words, in the case that the input/output of the 
D/A converter 500a (500b) own the of f set , such a correction value 
capable of canceling this offset is outputted from a correction 
value producing circuit 440, and then, this correction value 
5 is applied to the input signal in an adder 420. 
[0113] 

Subsequently, an outline of operations of this offset 
compensating apparatus will now be described. First of all, 
such a data corresponding to, for example, a DC signal. of.-l,7 

10 V is inputted to the adder 420. At this time, the counter 442 
starts an up-counting operation in synchronism with the data 
input of 1.7 V. The switch SW5 directly applies a count value 
outputted from the counter 442 to the adder 420 for a time period 
until the level of the output signal of the comparator 4 00 is 

15 inverted into a low level. 
[0114] 

Since the correction value applied to the adder 420 
corresponds to "0" in the beginning stage, the input data of 
1.7 V is directly applied to the D/A converter 500a (500b) . A 

20 converted output (analog signal) of this D/A converter 500a 
(500b) is supplied via the switch SW4 to the inverting terminal 
of the comparator 400, whereas the reference voltage Vref (2 
V in this embodiment) is being applied to the noninverting 
terminal of the comparator 400. 

25 [0115] 

When it is so assumed that an output "A-" of the D/A converter 
500a (500b) is equal to 1.7 V, such an offset of -0.29 V 
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corresponding to a difference between 1.71 V and the reference 
voltage Vref (2V) is held in the comparator 400 , As a consequence, 
since the offset is applied from the potential of the noninverting 
terminal, a comparison is made of 2 V - 0 . 29 V = 1 . 71 V. At 
5 this time, in the case that another output "A+" is equal to 1.69 
V, since the potential at the noninverting terminal seemingly 
becomes higher, the output of the comparator 400 is the high 
level . As a result, the count value of the counter 4 42 is applied 
to the adder . 420 so .as, to .be added to the input . signal . ■ . „ 
10 [0116] 

When a similar operation is repeatedly carried out and 
an output signal of the D/A converter 500a (500b) exceeds "Vref (2 
V) + offset voltage (-0.29 V) = 1.71 V", the output level of 
the comparator 4 00 is inverterd into a low level, so that the 

15 counter 442 is reset. Also, the counter output obtained at this 
time is converted into a' 1/2 value thereof by the 1/2 circuit 
443, and then, this 1/2 value is latched by the latch 444 to 
be entered into the adder 420. At this time, the switch SW5 
is switched to the "a"-terminal side. 

20 [0117] 

In other words, since the output voltage "A+" is merely 
corrected only by a half value of the counted value, this output 
voltage "A+" becomes (1.71 V + 1.69 V)/2 = 1.70 V. However, 
the output voltage "A-" is also inverse-corrected with respect 
25 to the corrected value of the output voltage "A+", i.e., (1.70 
V - 1.69 V = +0.01 V) , 
[0118] 
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That is to say, the output voltage "A-" becomes 1,71 V 
- ( + 0.01 V) = 1.70 V, and thus, becomes the same potential to 
that of the output voltage "A+ . " As a result, both the positive 
and negative differential outputs of the D/A converter 500a 
5 (500b) are united to the potential (1.70 V) , so that the offset 
is canceled. 
[0119] 

In this case, when the voltage of the output "A-" is lower 
than the voltage. of the. output "A+" of this D/A converter. 500a 

10 (500b) , namely when the voltage of "A-" = 1 . 65 V and the voltage 
of "A+" = 1.71 V, since the output level of the comparator 400 
becomes a low level, the adjusting function cannot become 
effective. As a consequence, in the stage for adjusting the 
output "A+", the normal 1.7-Vdata is not inputted, but the lower 

15 voltage (e.g., 0 V) data must be forcibly applied- To this end, 
a certain time duration required to cancel the offset must be 
secured. 
[0120] 

In accordance with this fourth embodiment, since the count 
20 value of the counter 442 is reduced by 1/2 and then the 1/2 reduced 
count value is finally latched to the latch 444 . As to the output 
voltage "A+" and the output voltage "A-", even in such a case 
that the current adding type D/A converter 500a (500b) which 
necessarily and merely outputs the inverting relationship is 
25 employed, the symbol relationship is reversed, and a difference 
between the potential of the output voltage "A+" and the reference 
voltage "Vref " is held by the comparator, so that the offset 
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can be canceled in high precision. 
[0121] 

(FIFTH EMBODIMENT MODE) 

Fig. 13 is a circuit diagram for showing an arrangement 
5 of an offset compensating apparatus according to a fifth 
embodiment mode of the present invention. It should be 
understood that the same reference numerals shown in the second 
embodiment will be used for denoting the same, or similar circuit 
elements employed- in .the. fourth .embodiment.. ...In.. .the .offset 

10 compensating apparatus of this fifth embodiment, a correction 
value producing circuit 450 contains a 1/2 circuit 443, and a 
switch SW5. The 1/2 circuit 443 reduces a count value of an 
adding-and-subtracting circuit (up/down counter) 452 by 1/2. 
The switch SW5 selects as an input signal entered to an adder 

15 420, any one of output signals derived from an 

adding-and-subtracting circuit 432 and a latch .434. Other 
arrangements of this offset compensating apparatus are similar 
to those of the circuit shown in Fig. 10. 
[0122] 

20 Prior to cancelingof offset of a D/Aconverter 500a {500b) , 

a switch SW4 which is provided in an input stage of the comparator 
400 is switched to an "a"-terminal side thereof so as to adjust 
right/left current offset. A differential output (negative) 
of the D/A converter 500a (500b) is entered to this "a"-terminal 

25 of this switch SW4 . Also, while the switch SW5 has been switched 
to the "b"-terminal side thereof, an output signal of the 
adding-and-subtracting circuit 452 is directly entered to the 
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adder 420. 
[0123] 

In this case, comparison voltages used in the comparator 
400 correspond to a reference voltage "Vref" connected to a 
5 noninverting terminal of this comparator 400, and the 

differential output (negative) of the D/A converter 500a (500b) 
which is connected to an inverting terminal of this comparator 
400, and have no mutual relationship. Accordingly, this may 
become equal , to such a case that the of f set is . applied to .the 

10 differential pair transistors of the comparator as explained 
in the above-described first embodiment, and may cause such an 
operation that a difference between the differential output 
(negative) and the reference voltage Vref is held by the 
comparator 400. 

15 [0124] 

Next, the switch SW4 is switched from the "a"-terminal 
to the "b"-terminal . At this time, such an operation for 
canceling the input/output offset of the D/A converter 500a 
(500b) is simultaneously carried out within a time period during 
20 which an adjusted voltage is held in the capacitor CI of the 
comparator circuit shown in Fig. 1 (Fig. 2 to Fig. 7) so as to 
adjust the offset of the comparator. 
[0125] 

In other words, in the case that the input/output of the 
25 D/A converter 500a (500b) own the of f set , such a correction value 
capable of canceling this offset is outputted from a correction 
value producing circuit 450, and then, this correction value 
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is applied to the input signal in an adder 420. 
[0126] 

Subsequently, an outline of operations of this offset 
compensating apparatus will now be described. First of all, 
5 such a data corresponding to, for example, a DC signal of 1.7 
V is inputted to the adder 420. At this time, the 
adding-and-subtracting circuit 452 executes an 
adding-and-subtracting operation in synchronism with the data 
input of I.7.V. In the- case that a signal, level outputted from 

10 the comparator 400 is a high level, the adding-and-subtracting 
circuit 452 performs an up-counting operation, whereas in the 
case that a signal level outputted from the comparator 400 is 
a low level, the adding-and-subtracting circuit 452 performs 
a down-counting operation. 

15 [0127] 

The switch SW5 directly supplies a calculation value 
outputted from the adding-and-subtracting circuit 4 52 via the 
switch SW5 to the adder 420 while a sufficiently long time period 
has passed during which the offset cancel is converged. Since 

20 the correction value applied to the adder 420 corresponds to 
"0" in the beginning stage, the input data of 1.7 V is directly 
applied to the D/A converter 500a (500b) - A converted output 
(analog signal) of this D/A converter 500a (500b) is supplied 
via the switch SW4 to the inverting terminal of the comparator 

25 400, whereas the reference voltage Vref (2 V in this embodiment) 
is being applied to the noninverting terminal of the comparator 
400. 
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[0128] 

When it is so assmaed that an output "A-" of the D/A converter 
500a (500b) is equal to 1.7 V, such an offset of -0.29 V 
corresponding to a difference between 1.71 V and the reference 
5 voltage Vref (2V) is held in the comparator 400 . As a consequence, 
since the offset is applied from the potential of the noninverting 
terminal, a comparison is made of 2 V - 0.29 V = 1.71 V. At 
this time, in the case that another output "A+" is equal to 1.69 

. V, since the potential at the noninverting terminal, seemingly. 

10 becomes higher, the output of the comparator 400 is the high 
level. As a result, the calculation result of the 
adding-and-subtracting circuit 452 is applied via the switch 
SW5 to the adder 420 so as to be added to the input signal. 
[0129] 

15 When a similar operation is repeatedly carried out and 

an output signal of the D/A converter 500a {500b) exceeds "Vref (2 
V) + offset voltage (-0.29 V) = 1.71 V", the output level of 
the comparator 400 is inverterd into a low level. As a result, 
the adding-and-subtracting circuit 452 repeats an adding 

20 operation and a subtracting operation at the voltage of 1.71 
V, and the added/subtractedresults are converged to 1 . 7 V. Also, 
the counter output obtained at this time is converted into a 
1/2 value thereof by the 1/2 circuit 443, and then, this 1/2 
value is latched by the latch 444 and is entered into the adder 

25 420. At this time, since the switch SW5 is switched to the 
"a"-terminal side thereof, an output value of the 
adding-and-subtracting circuit 452 is converted into a 1/2 value 
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of this output voltage by the 1/2 circuit 453, which is then 
latchedby the latch 454, while properly considering this timing. 
[0130] 

In other words, since the output voltage "A+" is merely 
5 corrected only by a half value of the counted value, this output 
voltage "A+" becomes (1.71 V + 1.69 V)/2 = 1.70 V. However, 
the output voltage "A-" is also inverse-corrected with respect 
to the corrected value of the output voltage "A+", i.e., (1.70 
. .. V - 1.69. V = +.0.01 V) -That is to say, the output voltage "A-" 
10 becomes 1.71 V - ( + 0.01 V) = 1.70 V, and thus, becomes the same 
potential to that of the output voltage "A+ . " As a result, both 
the positive and negative differential outputs of the D/A 
converter 500a (500b) are united to the potential (1.70 V), so 
that the offset is canceled. 
15 [0131] 

In this. case, when the voltage of the output "A-" is lower 
than the voltage of the output "A+" of this D/A converter 500a 
(500b) , namely when the voltage of "A- = 1.65 V" and the voltage 
of "A+ = 1.71 V", since the same operation can be carried out, 
20 the lower voltage (e.g., 0 V) data need not be forcibly applied. 
As a result, only adjusting time required for adjusting the offset 
error may become sufficient. 
[0132] 

In accordance with this fifth embodiment, since the count 
25 value of the counter 442 is reduced by 1/2 and then the 1/2 reduced 
count value is finally latched to the latch 444 . As to the output 
voltage "A+" and the output voltage "A-", even in such a case 
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that the current adding type D/A converter 500a (500b) which 
necessarily and merely outputs the inverting relationship is 
employed, the symbol relationship is reversed, and a difference 
between the potential of the output voltage "A+" and the reference 
5 voltage "Vref" is held by the comparator, so that the offset 
can be canceled in high precision. Also, since the 
adding-and-subtracting circuit 452 is employed, even in such 
a case that the voltage of the output "A-" is lower than the 
voltage o.f the. output "A+", since a similar operation, can.. be . 
10 carriedout, the lower voltage (e.g., OV) dataneednot be forcibly 
applied to the adder 420. As a result, since only the adjusting 
time for adjusting the offset error may become sufficient, the 
offset cancel time can be shortened. 
[0133] 

15 As previously explained, in the second to fifth embodiments, 

since the comparator equipped the offset adding function is. 
employed, the offset of the comparator itself is adjusted. As 
a result, the offset of the comparator can be handled as zero, 
and thus, the offset of the D/A converter 500a (500b) can be 

20 canceled in high precision. 
[0134] 

(SIXTH EMBODIMENT MODE) 

Fig. 14 is a circuit diagram for showing an arrangement 
of an offset compensating apparatus according to a sixth 
25 embodiment mode of the present invention. It should be 

understood that the same reference numerals shown in the second 
embodiment will be used for denoting the same, or similar circuit 
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elements employed in the sixth embodiment. In the offset 
compensating apparatus of this sixth embodiment, a correction 
value producing circuit 4 60 contains an inverter 4 61, a counter 
462, latches 463 and 464, an adder 465, an 1/2 circuit 466, a 
5 switch SW5, another switch SW6, and another switch SW7 , The 
inverter 4 61 inverts an output signal of a comparator 600, The 
switch SW5 switches any one of an output signal of the counter 
4 62 and an output signal of the 1/2 circuit 4 66 as an input signal 
to the adder 420. .The switch SW6 enters an output signal of. 

10 the counter 4 62 to be selectively inputted to either the latch 
463 or the latch 464 . Then, the switch SW7 switches any one 
of an output signal of the comparator 600 and an inverted 
comparator output signal as an input signal to the counter 4 62. 
Also, while the comparator equipped with the offset adjusting 

15 function explained in the above-described first embodiment is 
not used as the comparator 600, other arrangements are similar 
to those of the first embodiment shown in Fig. 10 except that 
such a comparator is used that the offset is present during the 
normal comparing/measuring operation. 

20 [0135] 

Prior to cancelingof offset of a D/A converter 500a {500b) , 
a switch SW4 which is provided in an input stage of the comparator 
600 is switched to an "a"-terminal side thereof, and also, both 
the switch SW6 and the switch SW7 which are mutually operated 
25 with respect to the switch SW4 are switched to "a"-terminal sides 
thereof. However, the switch SW5 is switched to a "b"-terminal 
side thereof. 



57 



[0136] 

In this case, the comparator 600 compares the reference 
voltage Vref connected to a noninverting terminal thereof with 
a differential output (negative) signal of the D/A converter 
5 500a (500b) connected to an inverting terminal thereof so as 
to perform an offset canceling operation as to the output voltage 
"A-" of the D/A converter 500a (500b) . The offset canceling 
result is latched by the latch 463. 
. [0137] ... 

10 Next, the switches SW4, SW6, and SW7 are switched to the 

"b"-terminal sides thereof. At this time, the comparator 600 
compares the reference voltage Vref connected to the noninverting 
terminal thereof with a differential output (positive) signal 
of the D/A converter 500a (500b) connected to the inverting 

15 terminal thereof so as to perform an offset canceling operation 
as to the output voltage "A+" of the D/A converter 500a (500b) . 
The offset canceling result is latched by the latch 464. 
[0138] 

After a series of the above-described process operations 
20 have been accomplished, the switch SW5 is switched to the 

"a"-terminal side thereof, and also, both the value latched by 
the latch 4 63 and the value latched by the latch 4 64 are added 
to each other by the adder 4 65. The added result is converted 
into a 1/2 of this added value by the 1/2 circuit 466, and 
25 thereafter, the 1/2 added value is inputted to the adder 420. 
[0139] 

In other words, in such a case that the input/output of 
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the D/A converter 500a (500b) contain offset, such a correction 
value capable of canceling this offset is outputted from the 
correction value producing circuit 460. Then, this correction 
value is applied to the input signal in the adder 420. 
5 [0140] 

Subsequently, an outline of operations of this offset 
compensating apparatus will now be described. First of all, 
such a data corresponding to, for example, a DC signal of 1.7 
.V is inputted to the adder 420.. At this time,, the.. counter 462 

10 starts an up-counting operation in synchronism with the data 
input of 1.7 V. The switch SW5 directly applies a calculation 
value outputted from the counter 4 62 to the adder 420 for a time 
period until the level of the output signal of the comparator 
600 is inverted into a low level. 

15 [0141] 

Since the correction value applied to the adder 42 0 
corresponds to "0" in the beginning stage, the input data of 
1.7 V is directly applied to the D/A converter 500a (500b) . A 
converted output (analog signal) of this D/A converter 500a 
20 {500b) is supplied via the switch SW4 to the inverting terminal 
of the comparator 600, whereas the reference voltage Vref (2 
V in this embodiment) is being applied to the noninverting 
terminal of the comparator 600. 
[0142] 

25 When it is so assumed that an output voltage "A-" of the 

D/A converter 500a (500b) is equal to 2.05 V, the comparator 
600 judges that this input voltage of 2.05 V is higher than the 
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reference voltage Vref , and thus, an output signal level of this 
comparator 600 becomes a low level. Since the switch SW7 is 
connected to the "a"-terminal side, the low level output of the 
comparator 600 is inverted by the inverter 4 61 to become a high 
level which is then entered into the counter 4 62. 
[0143] 

As a result, the counter 462 performs an up-counting 
operation, and then, the count value is supplied via the switch 
SW5 to be. added . by the. adder 420 . When .it is so .assumed that 
the D/A converter 500a {500b) corresponds to such a D/A converter 
as a current adding type D/A converter, both the differential 
output (positive) "A+" and differential output (negative) "A-" 
of which necessarily own the inverting relationship, the offset 
of the differential output "A-" to which the value has been added 
maybe reduced. In other words, the output voltage "A-" of 2.05 
V may be reduced. 
[0144] 

Then, this operation is repeatedly carried out until the 
output signal level of the comparator 600 becomes a low level, 
namely the output voltage of "A-" becomes lower than the reference 
voltage Vref . In this embodiment, when it is so assumed that 
an analog output of the D/A converter 500a (500b) is equal to 
0,02 V with respect to an increment of the counter 4 62 by 1, 
a series of these operations are accomplished at such a timing 
when the counter 4 62 counts 3 times. At the time when a series 
of these operations are ended, this count value 3 is latched 
by the latch 4 63, 
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[0145] 

Next, the switches SW4, SW6, and SW7 are connected to the 
"b"-terininal sides thereof. Then, a similar operation to the 
above-described operation is carried out. Now, when it is so 
assumed that the differential output voltage of "A+" is equal 
to 1.89 V, the comparator 600 judges that this input voltage 
of 1.89 V is lower than the reference voltage Vref, and thus, 
an output signal level of this comparator 600 becomes a high 
level.. Since the .switch .SW7 is connected to the "b"-terminal 
side, the output level of the comparator 600 directly becomes 
a high level which is then entered into the counter 4 62. The 
counter 4 62 performs an up-counting operation, and this count 
value is supplied via the switch SW5 so as to be added in the 
adder 42 0. 
[0146] 

As to the differential output (positive) "A-f " of the D/A 
converter 500a {500b) , the offset thereof is increased by this 
added value . That is to say, the voltage of 1 . 89 V is increased. 
Then, this operation is repeatedly carried out until the output 
signal level of the comparator 600 becomes a low level, namely 
the output voltage of "A-" becomes higher than the reference 
voltage Vref. In this embodiment, when it is so assumed that 
an analog output of the D/A converter 500a (500b) is equal to 
0.02 V with respect to an increment of the counter 4 62 by 1, 
a series of these operations are accomplished at such a timing 
when the counter 4 62 counts 6 times. At the time when a series 
of these operations are ended, this count value 6 is latched 
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by the latch 4 64. 
[0147] 

Next, the switch SW5 is connected to the "a"-terminal side 
thereof, and further, both the values latched by the latches 
5 4 63 and 4 64 are added to each other by the adder 4 65, and then, 
an added value is reduced by 1/2 in the 1/2 circuit 4 66 to obtain 
the 1/2 added value as a correction value. Thereafter, this 
correction value is entered to the adder 420. For example, the 
count, value 3 of the latch 4 63 is added .to the count value 6, 

10 of the latch 4 64 by the adder 4 65. An added value becomes 9, 
and this value 9 is reduced by 1/2 by the 1/2 circuit 466, so 
that a value of 4 is obtained as the correction value. Then, 
this correction value is added to the input signal by the adder 
420. In this case, the differential output (positive) "A+" of 

15 the D/A converter 500a {500b) is corrected to become 1.97 V. 
Similarly, the differential output (negative) "A-" of this D/A 
converter 500a (500b) becomes 1.97 V, so that the offset may 
be canceled. 
[0148] 

20 On the other hand, in this sixth embodiment, since the 

normal type comparator 600 is employed, this comparator 600 
itself owns an offset error. A description is made of such a 
case that the comparator 600 owns such an offset error. 
[0149] 

25 First of all, such a data corresponding to, for example, 

a DC signal of 1.7 V is inputted to the adder 420. At this time, 
the counter 4 62 starts an up-counting operation in synchronism 



with the data input of 1-7 V. The switch SW5 directly applies 
a calculation value outputted from the counter 442 to the adder 
4 62 for a time period until the level of the output signal of 
the comparator 600 is inverted into a low level. 
5 [0150] 

Since the correction value applied to the adder 420 
corresponds to "0" in the beginning stage, the input data of 
1.7 V is directly applied to the D/A converter 500a (500b) . A 
converted output .(analog signal) of this D/A converter 500a 
10 (500b) is supplied via the switch SW4 to the inverting terminal 
of the comparator 600, whereas the reference voltage Vref (2 
V in this embodiment) is being applied to the noninverting 
terminal of the comparator 600. 
[0151] 

15 Now, such an assumption is made that the offset of the 

comparator 600 is equal to -0.10 V. In the case that, the 
differential output voltage "A-" is equal to 2.05 V, since the 
comparator 600 compares this differential output voltage "A-" 
is compared with (Vref - 0 . 10 V = 1 . 90 V) , this comparator 600 

20 judges that the differential output voltage "A-" becomes higher 
than 1.90 V, and thus an output level thereof becomes a low level . 
[0152] 

Since the switch SW7 is connected to the "a"-terminal side 
thereof, the output signal level of the comparator 600 becomes 
25 a high level which is then entered to the counter 462. As a 
result, the counter 4 62 executes an up-counting operation, and 
then, the count value is supplied via the switch SW5 so as to 



be added to an I (Q) by the adder 420. 
[0153] 

When it is so assumed that the D/A converter 500a (500b) 
corresponds to such a D/A converter as a current adding type 
5 D/A converter, both the differential output (positive) "A+" and 
differential output (negative) "A-" of which necessarily own 
the inverting relationship, the offset of the differential output 
"A-" to which the value has been added may be reduced. In other 
words, the output voltage "A- " of 2.05 V is reduced.. Then, this 

10 operation is repeatedly carried out until the output signal level 
of the comparator 600 becomes a low level, namely the output 
voltage of "A-" becomes lower than 1.90 V. In this embodiment, 
when it is so assumed that an analog output of the D/A converter 
500a (500b) is equal to 0.02 V with respect to an increment of 

15 the counter 462 by 1, a series of these operations is accomplished 
at such a timing when the counter 462 counts 8 times. At the 
time when a series of these operations are ended, this count 
value 8 is latched by the latch 4 63. 
[0154] 

20 Next, the switches SW4, SW6, and SW7 are connected to the 

"b"-terminal sides thereof. Then, a similar operation to the 
above-described operation is carried out. Now, when it is so 
assumed that the differential output voltage of "A+" is equal 
to 1.89 V, the comparator 600 judges that this input voltage 

25 of 1.89 V is lower than 1.90 V, and thus, an output signal level 
of this comparator 600 becomes a high level. Since the switch 
SW7 is connected to the "b"-terminal side, the output level of 
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the comparator 600 directly becomes a high level which is then 
entered into the counter 4 62. The counter 4 62 performs an 
up-counting operation, and this count value is supplied via the 
switch SW5 to be added to I(Q) in the adder 420. 
[0155] 

As to the differential output (positive) "A+" of the D/A 
converter 500a (500b) , the offset thereof is increased by this 
added value. That is to say, the voltage of 1 • 89 V is increased. 
Then, this operation is repeatedly carried out until the output 
signal level of the comparator 600 becomes a low level, namely 
the output voltage of "A+" becomes higher than 1.90 V. In this 
embodiment, when it is so assumed that an analog output of the 
D/A converter 500a (500b) is equal to 0.02 V with respect to 
an increment of the counter 4 62 by 1, a series of these operations 
are accomplished at such a timing when the counter 4 62 counts 
1 time. At the time when a series of these operations are ended, 
this count value 1 is latched by the latch 4 63. 
[0156] 

Next, the switch SW5 is connected to the "a"-terminal side 
thereof, and the correction value is entered into the adder 420 . 
As this correction value, the data which have been latched in 
the latch 463 and the latch 464 are employed. In other words, 
the count value 8 of the latch 4 63 is added to the count value 
1 of the latch 4 64 by the adder 4 65. An added value becomes 
9, and this value 9 is reduced by 1/2 by the 1/2 circuit 466, 
so that a value of 4 is obtained as the correction value. Then, 
this correction value is added to the input signal by the adder 
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420. In this case, the differential output (positive) "A+" of 
the D/A converter 500a (500b) is corrected to become 1.97 V, 
Similarly, the differential output (negative) "A-" of this D/A 
converter 500a {500b) becomes 1.97 V, so that the offset may 
5 be canceled. 
[0157] 

In accordance with this sixth embodiment, although the 
offset of the comparator 600 owns the error of the proper value 
Vref, if. this value is constant as the comparison subjects of 

10 the differential output "A+" and the differential output "A-", 
then the absolute values have no relationship. As a result, 
since the above-described calculation is carried out, the offset 
of the comparator 600 gives no adverse influence, and thus, the 
offset of the D/A converter 500a (500b) can be canceled in high 

15 precision by employing the normal comparator. 
[0158] 

It should also be noted that in the above-described sixth 
embodiment, the differential output (positive) "A+" must be set 
lower than, or equal to the voltage (Vref + offset voltage of 

20 comparator 600) , conversely, the differential output (negative) 
"A-" must be set higher than, or equal to the voltage (Vref + 
of f set voltage of comparator 600) . Inother words, as the initial 
data, such a low voltage data (e.g., 0 V) must be applied rather 
than applying of the data of 1 . 7 V, while considering sufficiently 

25 large margin. Thus, the longer offset canceling time is 
required. 
[0159] 



(SEVENTH EMBODIMENT MODE) 

Fig. 15 is a circuit diagram for showing an arrangement 
of an offset compensating apparatus according to a seventh 
embodiment mode of the present invention. It should be 
5 understood that the same reference numerals shown in the second 
embodiment of Fig. 10 will be used for denoting the same, or 
similar circuit elements employed in the seventh embodiment. 
In the offset compensating apparatus of this seventh embodiment, 
a correction, value producing circuit 470, contains .an .inverter 

10 471, an adding-and-subtracting circuit (up/down counter) 472, 
latches 473 and 474, an adder 475, an 1/2 circuit 476, another 
adder 420, a switch SW5, another switch SW6, and another switch 
SW7 • The inverter 471 inverts an output signal of a comparator 
600. The switch SW5 switches any one of an output signal of 

15 the counter 472 and an output signal of the 1/2 circuit 476 as 
an input signal to the adder 420 . The switch SW6 enters an output 
signal of the adding-and-subtracting circuit 472 to be 
selectively inputted to either the latch 473 or the latch 474. 
Then, the switch SW7 switches any one of an output signal of 

20 the comparator 600 and an inverted comparator output signal as 
an input signal to the counter 472. Also, while the comparator 
equipped with the offset adjusting function explained in the 
above-described first embodiment is not used as the comparator 
600, other arrangements are similar to those of the first 

25 embodiment shown in Fig. 10 except that the normal comparator 
is used. 
[0160] 
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Prior to canceling of offset of a D/A converter 500a ( 500b) , 
a switch SW4 which is provided in an input stage of the comparator 
600 is switched to an "a"-terminal side thereof, and also, both 
the switch SW6 and the switch SW7 which are mutually operated 
with respect to the switch SW4 are switched to "a"-terminal sides 
thereof. Also, the switch SW5 is switched to a "b"-terminal 
side thereof. As a result, the comparator 600 compares the 
reference voltage Vref connected to a noninverting terminal 
.thereof with, a.-differential. output (negative.) signal of. the.D/A 
converter 500a (500b) connected to an inverting terminal thereof 
so as to perform an offset canceling operation as to the output 
voltage "A-" of the D/A converter 500a (500b) • The offset 
canceling result is latched by the latch 473. 
[0161] 

Next, the switches SW4, SW6, and SW7 are switched to the 
"b"-terminal sides thereof. At this time, the comparator 600 
compares the reference voltage Vref connected to the noninverting 
terminal thereof with a differential output (positive) signal 
of the D/A converter 500a (500b) connected to the inverting 
terminal thereof so as to perform an offset canceling operation 
as to the output voltage "A+" of the D/A converter 500a (500b) . 
The offset canceling result is latched by the latch 474. 
[0162] 

After a series of the above-described process operations 
have been accomplished, the switch SW5 is switched to the 
"a"-terminal side thereof, and also, both the value latched by 
the latch 473 and the value latched by the latch 474 are added 
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to each other by the adder 475. The added result is converted 
into a 1/2 of this added value by the 1/2 circuit 476, and 
thereafter, the 1/2 added value is inputted to the adder 420. 
In other words, in such a case that the input/output of the D/A 
5 converter 500a (500b) contain offset, such a correction value 
capable of canceling this offset is outputted from the correction 
value producing circuit 470. Then, this correction value is 
applied to the input signal in the adder 420. Subsequently, 
an outline of operations of this of f set. .compensating apparatus 
10 will now be described. 
[0163] 

First of all, such a data corresponding to, for example, 
a DC signal of 1.7 V is inputted to the adder 420. At this time, 
the adding-and-subtracting circuit 472 executes an up-counting 
15 operation in synchronism with the data input of 1.7 V in the 
case that a signal level outputted from the comparator 600 is 
a high level, whereas in the case that a signal level outputted 
from the comparator 600 is a low level, the 

adding-and-subtracting circuit 472 performs a down-counting 
20 operation. 
[0164] 

The switch SW5 directly supplies a calculation value 
outputted from the adding-and-subtracting circuit 472 to the 
adder 420 for a time period during which the offset cancel 
25 operation is sufficiently converged. Since the correction 
value applied to the adder 42 0 corresponds to "0" in the beginning 
stage, the input data of 1.7 V is directly applied to the D/A 
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converter 500a (500b) . 
[0165] 

A converted output (analog signal) of this D/A converter 
500a (500b) is supplied via the switch SW4 to the inverting 
5 terminal of the comparator 600, whereas the reference voltage 
Vref (2 V in this embodiment ) is being applied to the noninverting 
terminal of the comparator 600. 
[0166] 

... When -it is so assumed that an output voltage "A-" ofthe 
10 D/A converter 500a {500b) is equal to 1,89 V, the comparator 
600 judges that this input voltage of 1.89 V is lower than the 
reference voltage Vref, and thus, an output signal level of this 
comparator 600 becomes a high level. Since the switch SW7 is 
connected to the "a"-terminal side, the output level of the 
15 comparator 600 becomes a low level which is then entered into 
the adding-and-subtracting circuit 472 so as to be down-counted. 
The down-counted value is supplied via the switch SW5 so as to 
be added in the adder 420. 
[0167] 

20 When it is so assumed that the D/A converter 500a (500b) 

corresponds to such a D/A converter as a current adding type 
D/A converter, both the differential output (positive) "A+" and 
differential output (negative) "A-" of which necessarily own 
the inverting relationship, the offset of the differential output 

25 "A-" to which the value has been added may be reduced. In other 
words, since the count value of the adding-and-subtracting 
circuit 472 becomes minus in the down-counting operation, the 
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output voltage of 1.89 V is increased. Then, the 

down-counting operation of the adding-and-subtracting circuit 
472 is carried out until this output voltage "A-" becomes higher 
than the reference voltage "Vref." 
5 [0168] 

In this embodiment/ when it is so assumed that an analog 
output of the D/A converter 500a (500b) is equal to 0.02 V with 
respect to an increment of the adding-and-subtracting circuit 
472 byl., since, at., such a timing when the count ex .4 62 ..counts 
10 -6 times, the output of the comparator 600 becomes a low level, 
the adding-and-subtracting circuit 472 performs an up-counting 
operation. In other words, the value of the 

adding-and-subtracting circuit 472 is repeated at either -6 or 
-5, and after a predetermined time period has passed, a series 
15 of these operations are accomplished. When a series of these 
operations are ended, either the count value "-6" or the count 
value "-5" is latched by the latch 4 63. 
[0169] 

Next, the switches SW4, SW6, and SW7 are connected to the 
20 "b"-terminal sides thereof. Then, a similar operation to the 
above-described operation is carried out. Now, when it is so 
assumed that the differential output voltage of "A+" is equal 
to 2.05 V, the comparator 600 judges that this input voltage 
of 2.05 V is higher than the reference voltage Vref, and thus, 
25 an output signal level of this comparator 600 becomes a low level . 
Since the switch SW7 is connected to the "b"-terminal side, the 
output level of the comparator 600 directly becomes a low level 
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which is then entered into the adding-and-subtracting circuit 
472. The adding-and-subtracting circuit 472 performs a 
down-counting operation, and this count value is supplied via 
the switch SW5 to be added to a value in the adder 420. 
5 [0170] 

As to the differential output (positive) "A+" of the D/A 
converter 500a (500b) / the offset thereof is increased by this 
added value. The count value of the adding-and-subtracting 
circuit 472 becomes minus. in. the down-counting operation, .so. 
10 that the output voltage of 2.05 V is decreased. Then, this 
operation is repeatedly carried out until the output signal level 
of the comparator 600 becomes a high level, namely the output 
voltage of "A+" becomes lower than the reference voltage Vref . 
[0171] 

15 In this embodiment, when it is so assumed that an analog 

output of the D/A converter 500a (500b) is equal to 0 . 02 V with 
respect to an increment of the adding-and-subtracting circuit 
472, at such a timing when the adding-and-subtracting circuit 
472 counts -3 times, the output of the comparator 600 becomes 

20 a high level, so that the adding-and-subtracting circuit 472 
performs an. up-counting operation. In other words, the value 
of the adding-and-subtracting circuit 472 is repeated at either 
-3 or -2, and after a predetermined time period has passed, a 
series of these operations are accomplished. When a series of 

25 these operations are ended, either the count value "-3" or the 
count value "-2" is latched by the latch 474. 
[0172] 
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Next, the switch SW5 is connected to the "a"-terminal side 
thereof, and the correction value is entered into the adder 420. 
As this correction value, the data which have been latched in 
the latch 473 and the latch 474 are employed. In other words, 
5 the count value -6, or -5 of the latch 473 is added to the count 
value "-3", or "-2" of the latch 474 by the adder 475. An added 
value becomes -9, -8, or -7, and this value -9, -8, or -7 is 
reduced by 1/2 by the 1/2 circuit 476, so that a value of -4, 
. . . or -3 is obtained as the correction value Then, this, correction 
10 value is added to the input signal by the adder 420. 
[0173] 

In this case, the differential output (positive) "A+" of 
the D/A converter 500a (500b) is corrected to become 1.97 V, 
or 1.99 V. Similarly, the differential output (negative) "A-" 

15 of this D/A converter 500a (500b) becomes 1 . 97 V or 1 . 99 V, so 
that the offset may be canceled. However, as the error, the 
D/A converter 500a (500b) owns the value two times larger than 
the analog output (0.02 V step) of the D/A converter 500a (500b) 
in the worst case. 

20 [0174] 

In accordance with this seventh embodiment, even in such 
a case that the voltage of the output "A-" is lower than the 
voltage of the output "A+", namely, even when the output voltage 
"A-" is equal to 1.65 V and the output voltage "A+" is equal 
25 to 1.71 V, the adding-and-subtracting circuit 432 performs the 
down-counting operation to execute a similar operation, so that 
the lower voltage (e.g., 0 V) data need not be forcibly applied 
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to the adder 420. As a result, since only the adjusting time 
for adjusting the offset error may become sufficient, the offset 
cancel time canbe shortened, as compared with that of the previous 
embodiment • 
5 [0175] 

(EIGHTH EMBODIMENT MODE) 

Fig. 16 is a circuit diagram for showing an arrangement 
of an offset compensating apparatus according to an eighth 

. . embodiment, mode of- the present invention.,. It. should be 

10 understood that the same reference numerals shown in the second 
embodiment of Fig. 10 will be used for denoting the same, or 
similar circuit elements employed in the eighth embodiment. In 
the offset compensating apparatus of this eighth embodiment, 
a correction value producing circuit 480 contains an inverter 

15 481, an adding-and-subtracting circuit (up/down counter) 482, 
latches 483. and 484, an adder 485, an 1/2 circuit 486, an edge 
detecting circuit 487, a switch SW5, another switch SW6, and 
another switch SW7 . The inverter 481 inverts an output signal 
of a comparator 600. The edge detecting circuit 487 detects 

20 both a rising edge and a falling edge of a comparator signal 
outputted from the comparator 600. The switch SW5 switches any 
one of an output signal of the counter 4 82 and an output signal 
of the 1/2 circuit 48 6 as an input signal to the adder 420. The 
switch SW6 enters an output signal of the adding-and-subtracting 

25 circuit 482 to be selectively inputted to either the latch 483 
or the latch 484. Then, the switch SW7 switches any one of an 
output signal of the comparator 600 and an inverted comparator 
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output signal as an input signal to the counter 482. Also, while 
the comparator equipped with the offset adjusting function 
explained in the above-described first embodiment is not used 
as the comparator 600, other arrangements are similar to those 
5 of the first embodiment shown in Fig. 10 except that the normal 
comparator is used. 
[0176] 

Prior to canceling of offset of a D/A converter 500a (500b) , 
a switch SW4..which is.provided in an input stage. of the comparator. 

10 600 is switched to an "a"-terminal side thereof, and also, both 
the switch SW6 and the switch SW7 which are mutually operated 
with respect to the switch SW4 are switched to "a"-terminal sides 
thereof. Also, the switch SW5 is switched to a "b"-terminal 
side thereof. 

15 [0177] 

In this case, the comparator 600 compares the reference 
voltage Vref connected to. a noninverting terminal thereof with 
a differential output (negative) signal of the D/A converter 
500a (500b) connected to an inverting terminal thereof so as 
20 to perform an offset canceling operation as to the output voltage 
"A-" of the D/A converter 500a (500b) . The offset canceling 
result is latched by the latch 483. 
[0178] 

Next, the switches SW4, SW6, and SW7 are switched to the 
25 "b"-terminal sides thereof. At this time, the comparator 600 
compares the reference voltage Vref connected to the noninverting 
terminal thereof with a differential output (positive) signal 
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of the D/A converter 500a (500b) connected to the inverting 
terminal thereof so as to perform an offset canceling operation 
as to the output voltage "A+" of the D/A converter 500a (500b) . 
The offset canceling result is latched by the latch 484. 
5 [0179] 

After a series of the above-described process operations 
have been accomplished, the switch SW5 is switched to the 
"a"-terminal side thereof, and also, both the value latched by 
, . the latch .483 and .the- value latched by the .latch 484 are added^ 

10 to each other by the adder 485. The added result is converted 
into a 1/2 of this added value by the 1/2 circuit 486, and 
thereafter, the 1/2 added value is inputted to the adder 420. 
In other words, in such a case that the input/output of the D/A 
converter 500a (500b) contain offset, such a correction value 

15 capable of canceling this offset is outputted from the correction 
value producing circuit 480. Then, this correction value is 
applied to the input signal in the adder 42 0. 
[0180] 

Subsequently, an outline of operations of this offset 
20 compensating apparatus will now be described. First of all, 
such a data corresponding to, for example, a DC signal of 1.7 
V is inputted to the adder 420. At this time, the 
adding-and-subtracting circuit 482 starts an up-counting 
operation in synchronism with the data input of 1.7 V in such 
25 a case that a signal level outputted from the comparator 600 
is a high level, whereas in the case that a signal level outputted 
from the comparator 600 is a low level, the 



adding-and-subtracting circuit 482 perforins a down-counting 

operation. 

[0181] 

The switch SW5 directly supplies a calculation value 
5 outputted from the adding-and-subtracting circuit 4 82 to the 
adder 420 for a long time period during which the offset cancel 
operation is sufficiently converged. Since the correction 
value applied to the adder 420 corresponds to "0" in the beginning 

stage,, the input- data of 1..7 V is directly, applied to the D./A 

10 converter 500a (500b) . 
[0182] 

A converted output (analog signal) of this D/A converter 
500a (500b) is supplied via the switch SW4 to the inverting 
terminal of the comparator 600, whereas the reference voltage 
15 Vref (2 V in this embodiment) is being applied to the noninverting 
terminal of the comparator 600. 
[0183] 

When it is so assumed that an output voltage "A-" of the 
D/A converter 500a (500b) is equal to 1.89 V, the comparator 

20 600 judges that this input voltage of 1.89 V is lower than the 
reference voltage Vref, and thus, an output signal level of this 
comparator 600 becomes a high level, and then this low level 
signal is inputted into the adding-and-subtracting circuit 4 82. 
This entered signal is down-counted and the down-counted signal 

25 is supplied via the switch SW5 so as to be added to the value 
in the adder 420. 
[0184] 
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When it is so assumed that the D/A converter 500a (500b) 
corresponds to such a D/A converter as a current adding type 
D/A converter, both the differential output (positive) "A+" and 
differential output (negative) "A-" of which necessarily own 
the inverting relationship, the offset of the differential output 
"A-" to which the value has been added may be reduced. That 
is to say, since the count value of the adding-and-subtracting 
circuit 482 becomes minus in the down-counting operation, the 
output voltage of 1. 89 -V is increased.. Then, ..the.-signal is 
down-counted until the output signal of the comparator 600 
becomes a high level, namely until the output voltage "A-" becomes 
higher than the reference voltage Vref. 
[0185] 

In this embodiment, when it is so assumed that an analog 
output of the D/A converter 500a (500b) is equal to 0.02 V with 
respect to an increment of the adding-and-subtracting circuit 
4 82 by 1, at such a timing when the counter 4 62 counts -6 times, 
the output signal of the comparator 600 becomes a low level. 
As a result, the adding-and-subtracting circuit 482 performs 
an up-counting operation. 
[0186] 

In other words, while the count value of the 
adding-and-subtracting circuit 482 is repeated at either -6 or 
-5, after a predetermined time period has elapsed, a series of 
these operations are accomplished. The ending timing is defined 
by that the rising edge of the comparator 600 is detected by 
the edge detecting circuit 487. As a result, since the 
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adding-and-subtracting circuit 482 finally perforins the 
up-counting operation and then accomplishes this up-counting 
operation, the count value of "-5" is latched by the latch 483 
at such a timing when the operation is ended. 
5 [0187] 

Next, the switches SW4, SW6, and SW7 are connected to the 
"b"-terminal sides thereof. Then, a similar operation to the 
above-described operation is carried out. Now, when it is so 
assumed that- the.dif f erential output voltage .of .".A+." -is. equal. 

10 to 2.05 V, the comparator 600 judges that this input voltage 
of 2.05 V is higher than the reference voltage Vref, and thus, 
an output signal level of this comparator 600 becomes a low level . 
Since the switch SW7 is connected to the "b"-terminal side, the 
output level of the comparator 600 directly becomes a low level 

15 which is then entered into the adding-and-subtracting circuit 
4 82. The adding-and-subtracting circuit 4 82 performs a 
down-counting operation, and this count value is supplied via 
the switch SW5 so as to be added to the value in the adder 420. 
[0188] 

20 As to the differential output (positive) "A+" of the D/A 

converter 500a (500b) , the offset thereof is increased by this 
added value. That is to say, since the count value of the 
adding-and-subtracting circuit 482 becomes minus in the 
down-counting operation, the output voltage of 2.05 V is 

25 decreased. Then, the signal is down-counted until the output 
signal of the comparator 600 becomes a high level, namely until 
the output voltage "A+ " becomes lower the reference voltage Vref . 
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[0189] 

In this embodiment/ when it is so assumed that an analog 
output of the D/A converter 500a (500b) is equal to 0.02 V with 
respect to an increment of the adding-and-subtracting circuit 
4 82 by 1/ at such a timing when the adding-and-subtracting circuit 
4 62 counts -3 times, the output of the comparator 600 becomes 
a high level. As a result, the adding-and-subtracting circuit 
482 performs an up-counting operation. 

[01901 . - 

In other words, while the count value of the 
adding-and-subtracting circuit 4 82 is repeated at either -^3 or 
-2, after a predetermined time period has elapsed, a series of 
these operations are accomplished. The ending timing is defined 
by that the falling edge of the comparator 600 is detected by 
the edge detecting circuit 487. As a result, since the 
adding-and-subtracting circuit 482 finally performs the 
down-counting operation and then accomplishes this 
down-counting operation, the count value of -3 is latched by 
the latch 4 84 at such a timing when the operation is ended. 

[0191] 

Next, the switch SW5 is connected to the "a"-terminal side 
thereof, and the correction value is entered into the adder 420. 
As this correction value, the data which have been latched in 
the latch 483 and the latch 484 are employed. In other words, 
the count value "-5" of the latch 4 83 is added to the count value 
"-3" of the latch 484 by the adder 485. An added value becomes 
-8, and this value -8 is reduced by 1/2 by the 1/2 circuit 486, 
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so that a value of -4 is obtained as the correction value. Then, 

this correction value is added by the adder 420. 

[0192] 

In this embodiment, the differential output (positive) 
5 voltage "A+" of the D/A converter 500a {500b) is corrected to 
become 1.97 V, and the differential output (negative) voltage 
"A-" similarly becomes 1 . 97 V, so that the offset maybe canceled. 
At this time, while an attention is paid to such a fact that 
both the output .voltage "A+" and the output, voltage "A-" are 

10 the inverted outputs, if the value latched by either the latch 
483 or the latch 484 is inverted (for example, "A-" holds smaller 
value and "A+" holds larger value) , then the error caused by 
the offset of the comparator 600 can be offset, so that the offset 
canceling precision can be improved. 

15 [0193] 

In accordance with this eighth embodiment, the calculating 
operation of the adding-and-subtracting circuit 482 is 
accomplished by detecting the falling edge of the output signal 
from the comparator 600 by using the edge detecting circuit 4 87 . 

20 As a result, the fluctuations contained in the values which are 
finally latched by the latches 483 and 484 can be eliminated, 
the offset canceling time of the D/A converter 500a (500b) can 
be shortened, and further, while this error is reduced, the offset 
canceling precision can be made similar to that of the sixth 

2 5 embodiment . 
[0194] 

(NINTH EMBODIMENT MODE) 



Fig. 17 is a circuit diagram for showing an arrangement 
of an offset compensating apparatus according to a ninth 
embodiment mode of the present invention. It should be 
understood that the same reference numerals shown in the sixth 
5 embodiment of Fig. 14 will be used for denoting the same, or 
similar circuit elements employed in the ninth embodiment. In 
the offset compensating apparatus of this ninth embodiment/ an 
arrangement of a correction value producing circuit 490 is the 
same as that of the sixth embodiment indicated in Fig. 1 4. except. 
10 that an 1/2 circuit 476 is interposed between a counter 492 and 
a switch SW6. 
[0195] 

As to both the arrangement of the correction value 
producing circuit 490 according to this ninth embodiment and 

15 the arrangement of the correction value producing circuit 4 60 
according to the. sixth embodiment , only the insertion positions 
of the 1/2 circuits are different from each other, and operations 
thereof are similar to each other. As a consequence, an overall 
operation of this ninth embodiment is also similar to that of 

20 the sixth embodiment, and thus there is a similar effect thereto . 
[0196] 

(TENTH EMBODIMENT MODE) 

Fig. 18 is a circuit diagram for showing an arrangement 
of an offset compensating apparatus according to a tenth 
25 embodiment mode of the present invention. It should be 

understood that the same reference numerals shown in the seventh 
embodiment of Fig. 15 will be used for denoting the same, or 
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similar circuit elements employed in the seventh embodiment. 
In the offset compensating apparatus of this tenth embodiment, 
an arrangement of a correction value producing circuit 700 is 
the same as that of the seventh embodiment shown in Fig. 15 except 
5 that an 1/2 circuit 703 is interposed between an 

adding-and-subtracting circuit 702 and a switch SW6. 
[0197] 

As to both the arrangement of the correction value 
producing circuit .70.0 according to this tenth embodiment .and 

10 the arrangement of the correction value producing circuit 470 
according to the seventh embodiment , only the insertion positions 
of the 1/2 circuits are different from each other, and operations 
thereof are similar to each other. As a consequence, an overall 
operation of this tenth embodiment is also similar to that of 

15 the seventh embodiment, and thus there is a similar effect 
thereto. 
[0198] 

(11-TH EMBODIMENT MODE) 

Fig. 19 is a circuit diagram for showing an arrangement 

20 of an offset compensating apparatus according to an 11-th 
embodiment mode of the present invention. It should be 
understood that the same reference numerals shown in the sixth 
embodiment of Fig. 14 will be used for denoting the same, or 
similar circuit elements employed in the 11-th embodiment. In 

25 the offset compensating apparatus of this 11-th embodiment, a 
correction value producing circuit 710 is identical to that of 
the sixth embodiment shown in Fig. 14 except that an 1/2 circuit 
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715 is interposed between a latch 713 and an adder 717, and an 
1/2 circuit 716 is inserted between a latch 714 and the adder 
717. 
[0199] 

5 With respect to the arrangement of the correction value 

producing circuit 460 according to the sixth embodiment/ the 
correction value producing circuit 710 according to this 11-th 
embodiment is arranged by that the entire correction value 
producing system is subdivided into a correction value producing. 

10 system for a negative differential output side and a correction 
value producing system for a positive differential output side, 
and then the 1/2 circuits 715 and 716 are inserted thereinto. 
Although a total number of the 1/2 circuits employed in the 
correction value producing circuit 710 is increased, operations 

15 thereof are similar to those of the correction value producing 
circuit 4 60 according to the sixth embodiment. Also, an entire 
operation of this 11-th embodiment is similar to that of the 
sixth embodiment, and thus, a similar effect thereto may be 
achieved. 

20 [0200] 

(12-TH EMBODIMENT MODE) 

Fig. 20 is a circuit diagram for showing an arrangement 
of an offset compensating apparatus according to a 12-th 
embodiment mode of the present invention. It should be 

25 understood that the same reference numerals shown in the sixth 
embodiment of Fig. 15 will be used for denoting the same, or 
similar circuit elements employed in the 12-th embodiment. In 
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the offset compensating apparatus of this 12-th embodiment/ a 
correction value producing circuit 720 is identical to that of 
the seventh embodiment shown in Fig. 15 except that an 1/2 circuit 
723 is interposed between a latch 725 and an adder 727, and an 
5 1/2 circuit 726 is inserted between a latch 724 and the adder 
727. 
[0201] 

With respect to the arrangement of the correction value 
. producing circuit 470 according, to the seventh embodiment , . the . 

10 correction value producing circuit 720 according to this 12-th 
embodiment is arranged by that the entire correction value 
producing system is subdivided into a correction value producing 
system for a negative differential output side and a correction 
value producing system for a positive differential output side, 

15 and then the 1/2 circuits 723 and 726 are inserted thereinto. 
Although, a total niamber of the 1/2 circuits employed in the 
correction value producing circuit 720 is increased, operations 
thereof are similar to those of the correction value producing 
circuit 470 according to the seventh embodiment . Also, an entire 

20 operation of this 12-th embodiment is similar to that of the 
seventh embodiment, and thus, a similar effect thereto may be 
achieved. 
[0202] 

(13-TH EMBODIMENT MODE) 
25 Fig. 21 is a circuit diagram for showing an arrangement 

of an offset compensating apparatus according to a 13-th 
embodiment mode of the present invention. It should be 
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understood that the same reference numerals shown in the sixth 
embodiment of Fig. 14 will be used for denoting the same, or 
similar circuit elements employed in the 13-th embodiment. In 
the offset compensating apparatus of this 13-th embodiment, a 
correction value producing circuit 730 contains a counter 732, 
latches 733 and 734, an adder 735, an 1/2 circuit 736, a switch 
SW5, and another switch SW6. The correction value producing 
circuit 730 further contains a subtracter 421, and another switch 
SW8.. The switch SW5. switches any one of an .output signal, of 
the counter 732 and an output signal of the 1/2 circuit 736 as 
an input signal to the adder 420. The switch SW6 enters an output 
signal of the counter 732 to be selectively inputted to either 
the latch 733 or the latch 734, The subtracter 421 subtracts 
a count value outputted from the counter 732. The switch SW8 
switches an output signal of the subtracter 421 and an output 
signal of the adder. 420 to enter the switched signal into a D/A 
converter 500a {500b) . Also, while the comparator equipped with 
the offset adjusting function explained in the above-described 
first embodiment is not used as the comparator 600, other 
arrangements are similar to those of the sixth embodiment shown 
in Fig, 14 except that such a comparator is used that the offset 
is present during the normal comparing/measuring operation. 
[0203] 

Prior to canceling of offset of a D/A converter 500a (500b) , 
a switch SW4 which is provided in an input stage of the comparator 
600 is switched to an "a"-terminal side thereof, and also, both 
the switch SW6 and the switch SW8 which are mutually operated 
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with respect to the switch SW4 are connected to "a"-terminal 
sides thereof. Also, the switch SW5 is connected to a 
"b"-terininal side thereof. As a result, the comparator 600 
compares the reference voltage Vref connected to a noninverting 
5 terminal thereof with a differential output (negative) signal 
of the D/A converter 500a (500b) connected to an inverting 
terminal thereof so as to perform an offset canceling operation 
as to the output voltage "A-" of the D/A converter 500a (500b) . 
The. off set canceling result is latched by . the latch .733... 
10 [0204] 

Next, the switches SW4, SW6, and SW8 are switched to the 
"b"-terminal sides thereof. At this time, the comparator 600 
compares the reference voltage Vref connected to the noninverting 
terminal thereof with a differential output (positive) signal 
15 of the D/A converter 500a {500b) connected to the inverting 
terminal thereof so as to perform an offset canceling operation 
as to the output voltage "A+" of the D/A converter 500a (500b) . 
The offset canceling result is latched by the latch 734. 
[0205] 

20 After a series of the above-described process operations 

have been accomplished, the switch SW5 is switched to the 
"a"-terminal side thereof, and also, both the value latched by 
the latch 733 and the value latched by the latch 734 are added 
to each other by the adder 735. The added result is converted 

25 into a 1/2 of this added value by the 1/2 circuit 736, and 
thereafter, the 1/2 added value is inputted to the adder 420. 
In other words, in such a case that the input/output of the D/A 



converter 500a (SOOb) contains offset, such a correction value 
capable of canceling this offset is outputted from the correction 
value producing circuit 730. Then, this correction value is 
applied to the input signal in the adder 420. 
5 [206] 

At this time/ in the case that the output voltage "A-" 
of the D/A converter 500a (500b) is lower than the reference 
voltage Vref , the output signal of the comparator 600 becomes 
a high level, the counter 732 executes an up-counting operation,. 

10 and the subtracter 421 subtracts the count value from I (Q) to 
enter the subtracted count value into the D/A converter 500a 
(500b) . As a result, the output voltage "A- " of the D/A converter 
500a (500b) is increased. At such a timing when the output 
voltage "A-" becomes equal to the reference voltage Vref, the 

15 counting operation of the counter 732 is ended, and also, the 
count value obtained at this time is latched by the latch 733. 
[207] 

Even in the case that the output voltage "A+" of the D/A 
converter 500a (500b) is lower than the reference voltage Vref, 

20 the output signal of the comparator 600 becomes a high level, 
the counter 732 executes an up-counting operation, and the adder 
420 adds the count value from I (Q) to enter the added count value 
into the D/A converter 500a (500b) . As a result, the output 
voltage "A+" of the D/A converter 500a (SOOb) is increased. At 

25 such a timing when the output voltage "A+" becomes equal to the 
reference voltage Vref, the counting operation of the counter 
732 is ended, and also, the count value obtained at this time 
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is latched by the latch 734. 
[0208] 

The subsequent operation of this 13-th embodiment is 
similar to that of the sixth embodiment shown in Fig. 14, and 
5 thus, the offset canceling precision by the D/A converter 500a 
(500b) can be improved by employing the normal comparator 600. 
[0209] 

(14-TH EMBODIMENT MODE) 

Fig. 22 is. a circuit diagram for showing ..an arrangement.. 

10 of an offset compensating apparatus according to a 14-th 
embodiment mode of the present invention. It should be 
understood that the same reference numerals shown in the 13-th 
embodiment of Fig. 21 will be used for denoting the same, or 
similar circuit elements employed in the 14-th embodiment. In 

15 the offset compensating apparatus of this 14-th embodiment, an 
adding-and-subtracting circuit (up/down counter) 742 of a 
correction value producing circuit 740 is employed instead of 
the counter of the 13-th embodiment, and other arrangements 
thereof are similar to those of the 13-th embodiment. 

20 [0210] 

In accordance with this 14-th embodiment, since the 
adding-and-subtracting circuit 742 is used in the correction 
value producing circuit 740, offset canceling precision of the 
D/A converter 500a (500b) can be improved and offset canceling 
25 time can be shortened. 
[0211] 

(15-TH EMBODIMENT MODE) 
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Fig. 23 is a circuit diagram for showing an arrangement 
of an offset compensating apparatus according to a 15-th 
embodiment mode of the present invention. It should be 
understood that the same reference numerals shown in the 13-th 
5 embodiment of Fig. 21 will be used for denoting the same^ or 
similar circuit elements employed in the 15-th embodiment. In 
the offset compensating apparatus of this 15-th embodiment, an 
arrangement of a correction value producing circuit 750 is the 
same as that. of the 1.3- th embodiment indicated. in. Fig. 21 except 
10 that an 1/2 circuit 753 is interposed between a counter 752 and 
a switch SW6. 
[0212] 

As to both the arrangement of the correction value 
producing circuit 750 according to this 15-th embodiment and 

15 the arrangement of the correction value producing circuit 730 
according to the 13-th embodiment, only the insertion positions 
of the 1/2 circuits are different from each other, and operations 
thereof are similar to each other. As a consequence, an overall 
operation of this 15-th embodiment is also similar to that of 

20 the 13-th embodiment, and thus there is a similar effect thereto. 
[0213] 

(16-TH EMBODIMENT MODE) 

Fig. 24 is a circuit diagram for showing an arrangement 
of an offset compensating apparatus according to a 16-th 
25 embodiment mode of the present invention. It should be 

understood that the same reference numerals shown in the 14-th 
embodiment of Fig. 22 will be used for denoting the same, or 
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similar circuit elements employed in the 16-th embodiment. In 
the offset compensating apparatus of this 16-th embodiment, an 
arrangement of a correction value producing circuit 750 is the 
same as that of the 14-th embodiment indicated in Fig. 22 except 
5 that an 1/2 circuit 753 is interposed between a counter 752 and 
a switch SW6. 
[0214] 

As to both the arrangement of the correction value 
..producing circuit 7 60 .according to this .16-th embodiment and.. 
10 the arrangement of the correction value producing circuit 730 
according to the 14-th embodiment, only the insertion positions 
of the 1/2 circuits are different from each other, and operations 
thereof are similar to each other. As a consequence, an overall 
operation of this 16-th embodiment is also similar to that of 
15 the 14-th embodiment, and thus there is a similar effect thereto . 
[0215] 

As previously described, in accordance with the invention, 
the differential amplifying circuit is operated as the 
operational amplifying circuit, and the inverse-phase signal 

20 of the output signal from this operational amplifying circuit 
is fed baclc to one transistor which constitutes the differential 
amplifying circuit. As a result, the comparison precision can 
be improved, and the comparison precision can be improved in 
low cost with employment of the simple circuit. 

25 [0216] 

Also, in accordance with the invention, since the offset 
of the electronic apparatus is measured by eliminating the 
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adverse influence caused by the offset of the comparing means 
side, the offset canceling operation of the electronic apparatus 
can be carried out in high precision. 
[0217] 

5 Also, inaccordance with the invention, the converged value 

of the error signals of the comparing means can be counted in 
high precision by employing the simple-structured counter. 
[0218] 

Also, in accordance.with the invention, since the converged 
10 value of the error signals of the comparing means is counted 
in high precision by employing the simple-structured 
adding-and-subtracting circuit, the time period required to 
perform the offset canceling operation of the electronic 
apparatus in high precision can be shortened. 
15 [0219] 

Also, in accordance with the invention, the half value 
of the offset correction value which is originally required is 
produced from the half value of the converged value which is 
acquired by measuring the offset of the electronic apparatus, 
20 and then, this half offset correction value is employed as the 
offset correction value . As a consequence, the offset canceling 
operation of the current adding type D/A converter can be carried 
out in high precision. 
[0220] 

25 Also, in accordance with the invention, since the offset 

measuring operation for the electronic apparatus is carried out 
by employing the comparing circuit having relatively high 
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comparing precision and manufactured in low cost, the 
high-precision offset canceling operation of the electronic 
apparatus can be carried out in low cost. 
[0221] 

5 Also, in accordance with the invention, the connection 

value is acquired by performing the calculation in such a manner 
that both the offset measuring operation of the inverting output 
signal of the electronic apparatus and the offset measuring 
. operation of the noninverting output signal thereof are carried 

10 out by the respective comparing means so as to acquire the 
converged values, and then the offset of these comparing means, 
which is contained in this converged value, may be canceled. 
As a result, the high-precision offset canceling operation of 
the electronic apparatus can be carried out in low cost with 

15 employment of the normal comparing means. 
[0222] 

Also, in accordance with the invention, the converged 
values which are obtainedbymeasuring the offset of the inverting 
output signal and the offset of the noninverting output signal 
20 are added to each other, and then, the offset contained in these 
converged values is canceled. As a result, the offset owned 
by the normal comparing means having the simple circuit during 
the measuring operation can be eliminated. 
[0223] 

25 Further, in accordance with the present invention, the 

high-precision offset canceling operation for the D/A converter 
can be carried out in low cost. 
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